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LEOPOLD GMELIN 
(1788-1853) 


LEOPOLD GMELIN came from a Tiibingen family; he was a great- 
grandson of Johann Georg Gmelin (1674-1728), an apothecary 
and an accomplished chemist for the times in which he lived. 
Leopold studied medicine and chemistry at Géttingen, Tiibingen, 
and Vienna. In 1813 he began to lecture on chemistry at Heidel- 
berg, where he was first appointed (1814) as extraordinary and 
later (1817) as ordinary professor of chemistry and medicine. 
He is remembered for his discovery of potassium ferrocyanide in 
1822, and for his important work ‘‘Handbuch der Chemie’’ 
(Ist ed. 1817-19, 4th ed. 1848-55), which was translated into 
English for the Cavendish society (1848-59). He resigned his 
chair in 1852 and died in the following year. His father’s 
cousin, Christian Gottlob Gmelin (1792-1860), was one of the 
first to devise a process for the artificial manufacture of ultra- 
marine (1828); he also observed the red coloration given to a 
flame by lithium salts.— Contributed by Ernst Berl. 
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Editors Outlook 


ewer of us who are engaged in science education 
are concerned more than we think in the cur- 
rent arguments over postwar military training. 

We should have learned from the last three years 
something of the relative military value of things. 
We knew at the start that this was going to be an “‘all 
out’’ war, and it has been. There are relatively few 
people whose daily occupations do not in some way 
have a bearing on the so-called war effort. In future 
wars—which will come, even against our best hopes— 
this will undoubtedly be even more so. Many who are 
not in the uniform of the Armed Forces are neverthe- 
less performing services which are of vital military 
value, particularly those in the scientific professions. 

The efficiency of our war production is dependent 
upon the state of development of our science and 
technology. Some of the most difficult places for an 
outsider to get into today are scientific laboratories, 
because they contain information of the most vital 
military importance. Nevertheless, we are permitting 
administrators to risk strangling our future scientific 
development, as we pointed out last month. 

We based our system of military procurement upon a 
principle of Selective Se. vice, but we have largely aban- 
doned this principle, it appears. We are making it 
more and more difficult for young men to contribute 
their particular talents to the national welfare. We 
must beware of making the same mistakes in sober, 
peacetime military training that we are now making in 
the excitement of war. 

Our future national defense will need more scientific 
workers than ever. ‘If we permit ourselves to get be- 
hind the rest of the world in science and technology no 
amount of mere military training of our citizenry will 


avail us in the least. In future wars men will be 
serving their country in science and in medicine, as they 
are now. It isimportant to insure that nothing inter- 
feres with the best possible training of these men. What- 
ever scheme of postwar military training we adopt it 
must be based upon the principle of Selective Service— 
and the principle must be made to work. 

Anyone who has had to do with the advising of col- 
lege students knows that if a student interrupts his 
course of training the chances are very great that he 
will never return to college to complete it. If we allow 
young men who are definitely headed toward the sci- 
entific professions to break into their courses for one 
or two years while they go through the “‘school of the 
soldier” many of them will be lost to science—and the 
country will be that much the poorer. Yes, we may 
very well need many trained infantrymen in the future, 
but to train a whole platoon of them can be of less real 
value to the safety of the country than to carry one 
talented young man through to the Ph.D. in any one of 
a number of scientific fields. 

It should not be impossible to devise a plan of mili- 
tary training sufficiently flexible to differentiate be- 
tween people. If every young man must have a taste of 
military training some of them can have it while in 
college, in something resembling the present R.O.T.C. 

Above all, there is no good reason why everyone 
should be cut to the same pattern. It is indeed a 
fundamental tenet of our democracy that there should 
be equal opportunity for all, but once the varying 
ability to grasp opportunities is demonstrated there 
need be no single rule thereafter. The principle of 
Selective Service is the answer to the whole problem, if 
we will adopt it. 


BOSTON UNIVERSITY ° 
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Introductory Remarks 


J. G. ASTON 
Pennsylvania State College, State College, Pennsylvania 


HERE are many reasons for having a symposium 
on the teaching of thermodynamics at the present 
time. 

During the past five years of war, scientists have had 
little time to devote to the development of new prin- 
ciples and methods in thermodynamics. It is well 
known that the lecture room and the textbook are 
always many years behind the more recent develop- 
ments of a subject. Thus, such a period of inactivity 
gives an opportunity for the college curriculum to be- 
come adapted to the newer developments. 

The decade prior to the entry of the United States 
into the second World War saw the development of 
methods for calculating thermodynamic functions with 
the aid of statistical mechanics and an enormous in- 
crease in the application of thermodynamics to in- 
dustrial chemical processes. 

It is in this period that the teaching of thermo- 
dynamics to undergraduate chemistry students in some 
form or another became a general practice. In some 
institutions, the material taught to undergraduates 
is part of a general course in physical chemistry, while 
in others special courses in the subject are given. But 
there are few chemists now graduated from an Amer- 
ican college without having been subject to lectures in 
some form or another. It has become the practice 
of wise graduate students to take courses in it whether 
they be physical chemists or not. Most institutions 
require that all candidates for the doctor’s degree in 
chemistry have a good knowledge of the elements of the 
subject. It is my general impression that the material 
in thermodynamics taught to senior college students 
and to graduate students varies considerably, depending 
upon the teacher. It certainly depends upon whether 
the teacher is a chemist, a chemical engineer, or a 
physicist. 

There is no doubt that one who is to use the subject 
should have an understanding of the theory of it. In 
order to understand the theory it is necessary that the 
student solve a considerable number of numerical 

1 Presented jointly before the Divisions of Chemical Education 
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problems and it is obvious that the most is gained if 
these problems be related to the scientific interest and 
aspirations of the student. It is thus evident that it 
is desirable to have different courses for chemists, chem- 
ical engineers, and for chemical physicists. It is a 
matter for interesting debate whether or not a satis- 
factory course in thermodynamic theory can be given 
which is suitable and desirable for all. 

So then, a symposium on the teaching of thermo- 
dynamics is useful to present the ideas of representative 
chemists, chemical engineers, and chemical physicists 
on what they consider suitable material to be included 
in courses in the year 1944, and also to ascertain what 
the plans of these men have in common. 

In the period after the war, there will undoubtedly 
be a revision of college curricula, and there is little 
doubt that the curricula in chemistry and in chemical 
engineering will be in for their share of the revision. 
The papers to be presented in this symposium all con- 
tain ideas which will be helpful in deciding how much 
more thermodynamics should be included in the 
several curricula and what should be the subject mat- 
ter. 

At the present time, the research laboratories of the 
chemical industry are extremely anxious to secure men 
with thermodynamic training of various types. This 
symposium offers an opportunity for the presentation 
of a paper telling of the type of training most desirable 
in a chemist, a chemical engineer, or a physicist, who 
is to carry out industrial research. It is interesting to 
see such a paper presented after representative teachers 
have told what is taught and what they believe should 
be taught. It is hoped that the papers of this sympo- 
sium will induce a discussion concerning the way in 
which teaching is fulfilling the practical demands of 
the industry. 

It is also to be hoped that the discussion will not 
omit consideration of the extent to which the subject 
should be taught in universities as a part of the educa- 
tion of a student and a contribution to his scholarly 
background. This is an additional reason for the in- 
clusion of a paper on statistical mechanics in relation 
to thermodynamic teaching. 





Teaching of Thermodynamics 
to Chemical Engineering Students 


BARNETT F. DODGE 


Yale University, New Haven, Connecticut 


N this paper I propose to discuss briefly six ques- 
tions: 


(1) What is thermodynamics? 

(2) Why teach thermodynamics to chemical en- 
gineering students? 

(3) Who should teach it and from what viewpoint? 

(4) Where should it be in the curriculum? 

(5) How should it be taught? 

(6) What are its limitations? 


These questions will not necessarily be discussed sep- 
arately as they are somewhat bound up together, nor 
will they be treated in any exhaustive way. From my 
discussions with others who are teaching thermody- 
namics to chemical engineering students, or who have 
been considering the introduction of such a course 
into the chemical engineering curriculum, it is apparent 
that these are some of the questions which have arisen. 
I do not claim to know all the answers but one person’s 
views on these questions may help to crystallize the 
ideas of others. 


- WHAT IS THERMODYNAMICS? 


Thermodynamics is a method of approach to prob- 
lems rather than a collection of facts and principles. 
Strictly speaking, the subject matter of “pure’’ ther- 
modynamics, if I may use such a term, is quite limited 
and may be “‘boiled down’”’ to three broad principles, 
namely, the First, Second, and Third Laws. I could 
almost omit the Third Law as its engineering applica- 
tions are quite limited, and, in general, it seems to me 
that its scope is far less broad than that of the other 
two laws. The only field in which it can be usefully 
applied is that of chemical equilibrium where it is of 
value in predicting the maximum possible extent of a 
chemical reaction under a specified set of conditions. 
Even here the direct application is primarily in the cal- 
culation of a value for the absolute entropy of a sub- 
stance, and I am inclined to regard this as being in the 
field of a chemist rather than the field of an engineer. 
The latter would normally look to the chemist for his 
values of entropy and his main concern is with the use 
of this value rather than its determination. From this 
viewpoint, I should give very little space to the Third 
Law in a course in chemical engineering thermo- 
dynamics. 

Consequently, we are left with the two laws as our 
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subject matter, and each of these laws can be stated in 
asentence. Naturally, one would need to amplify the 
statement of each to explain and clarify it and to de- 
fine various terms. Furthermore, such statements 
would be so broad that the student would need to con- 
sider them from various angles in order to grasp their 


. meaning. To apply them quantitatively, which is of 


course the ultimate object, one needs to develop the 
thermodynamic functions, namely, E, H, T, S, A, and 
F, and a few others (of less fundamental character) 
derived from these, and then to develop relations for 
their dependence on the variables of state, that is, on 
pressure, volume, temperature, and concentration. 
These relations are differential equations that require 
state data, or the equivalent such as an equation of 
state, in order to integrate them and make them useful. 
The student must therefore be acquainted with some of 
the empirical p-v-T relationships needed for integration. 
All of this is fundamental and common to any course 
in thermodynamics. 

At this point the student has acquired a kit of tools, 
but he requires a good deal of practice to learn how to 
use them. In other words, this is only the beginning 
of a course in thermodynamics. To leave it at this 
point would be somewhat like turning a man loose in a 
machine shop after having given him a description of 
all the tools. Without practicing their use, he would 
be practically helpless in attempting to do any specific 
task assigned to him. 

I am excluding rate phenomena from my concept of 
thermodynamics. It deals only with the limiting con- 
ditions governing processes and not with the mechanism 
or the rate of approach to the limiting conditions. This 
differs from the concept of some engineers who would, 
for example, include rate of heat transfer in a course in 
thermodynamics. One might express this succinctly 
by saying that time does not enter into a thermody- 
namic discussion as a variable. This needs a little 
qualification, however, because in dealing with fluid 
flow, one deals with velocity, but this has been in- 
troduced through the kinetic energy, and is quite dif- 
ferent from the use of time in dealing with rate processes 
such as rate of absorption and chemical reaction rate. 

It seems to me to be quite iniportant to make a clear 
distinction between equilibrium and rate when dealing 
with chemical reactions. In discussing the stability 
of organic compounds some authors completely mix 
up the question of thermodynamic stability with that 
of rate of decomposition and this can easily lead to false 
conclusions. 
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WHY TEACH THERMODYNAMICS TO CHEMICAL ENGINEER- 
ING STUDENTS? 


Since thermodynamics is a useful tool for a chemical 
engineer, there is no question in my mind but that all 
undergraduate students should have a course in this 
subject. The complexity and scope of modern chem- 
ical engineering is so great that the need for thermo- 
dynamics is more than ever apparent and one scarcely 
needs to dwell long on this idea. However, it still isn’t 
fully appreciated in all quarters and needs saying again 
and again. 

Some years ago chemical engineering teaching tended 
to be more specialized. It was considered necessary, 
or at least desirable, to acquaint the student with the 
detailed steps involved in various processes, such as 
sulfuric acid manufacture, petroleum refining, soap 
making, ammonia synthesis, etc. 
came apparent that there were so many processes and 
operations that the student “ought to know,” that the 
situation was a hopeless one. Time was not available 
to acquaint him with even a small fraction of the im- 
portant processes. Furthermore, the processes were 
being rapidly changed and new ones developed so that 
there was a considerable lag between practice and the 
textbooks. The student learned a lot of facts about 
processes that were no longer used and much of his store 
of facts was not only useless but downright harmful 
because it tended to channel his thinking along specific 
lines and blinded him to the broad possibilities for new 
developments that lay in his path. 

A great forward step was taken when the unit opera- 
tion idea, now almost universally accepted, was in- 
troduced into the teaching of chemical engineering. 
Instead of trying to master the details of a large num- 
ber of processes in an unrelated manner, the processes 
are broken down into a smaller number of steps or unit 
operations any one of which may be common to a con- 
siderable number of processes. There are certain fund- 
amentals of a process of rectification that are the same 
whether this step is used in a process for alcohol manu- 
facture, petroleum refining, or the production of 
oxygen from the air. Instead of considering such proc- 
esses as the subject matter we focus attention on the 
more fundamental things—the operations which, car- 
ried out in sequence, become the process. Then we 
merely refer to some of the processes by way of il- 
lustrating the applications of the unit operations and 
to show how they are coordinated. This simple idea 
has proved to be a very fruitful one. 

Now let us go a step further and break down our 
unit operations into the following parts: 


(1) Equilibrium considerations. 
(2) Kinetics or rate considerations. 
(3) Mechanics of equipment. 


To derive any useful effect in our unit operations we 
must have a ‘‘driving force.” To cause a chemical re- 
action or a distillation or a drying or a dehumidification 
or a transfer of heat to proceed, a driving force is re- 


Gradually it be- . 
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quired, and this force is measured by the distance which 
the particular system is from equilibrium. Hence the 
idea of equilibrium becomes a broad, underlying con- 
cept of great value in analyzing a number of the opera. 
tions. Once the student has thoroughly grasped the 
idea of equilibrium and the driving force he has an 
analytical tool of broad applicability. It bridges over 
the gaps between operations that are otherwise un- 
related. The same general principles of equilibrium 
apply whether in distillation, drying, evaporation, or 
many other operations. 

Now the study of the concept of equilibrium is one 
of the chief concerns of thermodynamics, and so by 
having a special course in thermodynamics we are de- 
veloping a broad foundation for the study of many 
unit operations and breaking down the barriers between 
them. This is a step in the right direction because it 
tends to lessen the mass of isolated material that must 
be learned by reducing it to simpler, more fundamental 
terms. It is in the direction of teaching the engineer- 
ing student broad underlying fundamentals rather than 
isolated facts. I sum up by saying that it has become 
a practical necessity in teaching modern chemical en- 
gineering to simplify the subject matter as much as 
possible by concentrating on general principles, and 
thermodynamics is one means to that end. 

Of course a considerable amount of thermodynamics 
can be taught in the physical chemistry course but this 
can only be an introduction. One cannot go far enough 
to lay the necessary foundation for application to en- 
gineering problems. It does serve as a very valuable 
introduction to the course and that has an important 
bearing on the location of the thermodynamics course 
in the curriculum, which will be discussed later. 


WHO SHOULD TEACH IT AND FROM WHAT VIEWPOINT? 


Although you and I may be thoroughly convinced 
that thermodynamics is a useful tvol for a chemical 
engineer, it is still necessary to demonstrate this con- 
vincingly to the student. It is important not to deal 
too much with purely abstract principles as this leaves 
the student bewildered and rather skeptical about its 
value. It is important to maintain his interest by 
continual introduction of applications the usefulness of 
which he can immediately see. It is primarily for this 
reason that I believe a course for chemical engineering § 
students should be given by a member of the Chemical 
Engineering Department. As I have already pointed 
out, the essence of the subject matter of thermody- 
namics is three broad principles which are common to 
all fields. The First, Second, and Third Laws are the 
same whether they are expounded by a chemist, a physi- 
cist, or an engineer, but these principles are only a small 
part of the subject matter of the course. The major 
portion consists of the applications. It is to be noted, 
however, that many of the applications are not very 
different from those in which the physical chemist 
would be interested, and looking at an outline of the 
proposed subject matter of a course in chemical en- 
gineering thermodynamics the chemist would be in- 
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clined to say: ‘Why, that is practically what we give 
in our course. Except for a few topics which we could 
add, your students could just as well take the course 
we are now giving.” This does sound plausible but it 
overlooks one very important issue and that is the mat- 
ter of viewpoint and emphasis which are as important 
as subject matter. This is the essence of the con- 
troversy that still rages over the question of thermo- 
dynamics for the chemical engineering student. 

If thermodynamics is to be regarded primarily as a 
method of approach to problems, as a tool, its use must 
be learned in the only way that anyone learns to use 
any tool, and that is by actual practice. The chemical 
erigineering student should naturally apply it to the 
subject matter of his other chemical engineering courses 
which means mostly to the unit operations. Only the 
chemical engineer is in a position to make these applica- 
tions alive for the student. 

Let me illustrate this point by a few very simple, 
specific examples. 

Consider the case of the heat-pump method of supply- 
ing heat to a building. The outside temperature is 
32° F., and 70° F. is to be maintained inside. The 
Second Law tells us that 1 B. t. u. of energy applied 
to a heat pump in the form of work should liberate 
530/(70 — 32) = 14 B.t. u. at the upper level. In 
other words instead of 1 B. t. u. of heat per 1 B. t.u. of 
electrical energy as in resistance heating, we get a 14 
to 1 leverage by this means. It looks very promising. 
Why hasn’t it been widely used? Are engineers so 
dumb or so hide-bound that they don’t recognize a good 
thing when they see it? No! The point is that when 
the thermodynamics of this scheme is analyzed from an 
engineering point of view, it isn’t nearly so favorable. 
An engineer, being trained to think of a driving force as 
necessary in heat transfer, recognizes that the working 
fluid will have to be much colder than 32° F. to absorb 
heat at a reasonable rate and likewise to dissipate the 
heat to the room, there must be a temperature dif- 
ference at the warm level. Furthermore, the cycle will 
contain a compressor which doesn’t compress reversibly 
and which has friction. Likewise, there is friction due 
to fluid flow. From his training and experience the 
engineer is in a position to estimate these things 
quantitatively and when he has done so, he finds the 
coefficient of performance (heat rejected+energy in- 
put as work) of such a process to be nearer 2 than 14 
and much of the advantage has melted away. 

Let us also consider briefly another example based 
on processes for the separation of air into oxygen and 
nitrogen. With the aid of thermodynamics, one can 
estimate the minimum possible amount of work which 
should be required to carry out the process. If then 
one takes a look at the actual processes now in use, he 
finds that they are only about 10 per cent efficient 
on the basis of energy requirement. If one does not 
make a more penetrating analysis, he would too hastily 
conclude that there was great room for improvement, 
and it ought to be easy to make considerable reductions 
in the power required. (Not a few men, including 
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some engineers who pretended to know their thermo- 
dynamics but actually had only a very superficial 
knowledge, accepted this conclusion and recommended 
the spending of large sums of money on processes that 
couldn’t possibly work as claimed, even on paper.) 
Actually, this conclusion is not sound. The low effi- 
ciency is the result of the multiplication together of a 
number of efficiencies of individual parts of the process 
which are relatively high. A careful consideration of 
the irreversible effects leads one to the conclusion that 
there is not very much hope at the present time for 
greatly reducing the energy requirement. 

I am strongly in favor of making the student thor- 
oughly conscious of the differences he will find in 
practice between the predictions of pure thermo- 
dynamics and the actual results now being attained 
and what may reasonably be hoped for. The thermo- 
dynamic analysis starts with the reversible process but 
should not stop there. All actual processes are irrever- 


. sible and the engineer in particular should have a thor- 


ough appreciation of the practical degree of approach 
to the reversible process. He should be taugut to keep 
his feet on the ground and learn to modify his con- 
clusions from a thermodynamic analysis by intelligent 
consideration of the irreversible effects that are bound 
to be present and which may entirely “‘upset the apple- 
cart.” In putting emphasis on the irreversible proc- 
esses one gets out of the realm of pure thermodynamics 
because such considerations must bring in knowledge 
of mechanism and rates which are outside of its realm. 


WHERE SHOULD IT BE IN THE CURRICULUM? 


It is difficult to lay down any hard and fast rule about 
the best place of such a course in the undergraduate 
curriculum. My general philosophy of undergraduate 
engineering education has been (and I refer only to the 
so-called technological stem, neglecting the humanistic 
one as outside the scope of this discussion) to use the 
first three years to acquire the tools of the engineer— 
the fundamentals of chemistry, mathematics, physics, 
economics, mechanics, and I should include thermo- 
dynamics. Then the ideal would be, to devote the next 
year entirely to an integration of these fundamental 
tools by means of project work. This is a beautiful 
theory, but I have never quite been able to realize it in 
practice due to the fact that so many of our courses are 
sequential in character and cannot run simultaneously. 
Logically, the course in thermodynamics should be in 
the third year, but at my own institution we have 
never found it feasible to start it until the fourth year. 
It should be preceded by physics and at least a part of 
physical chemistry and of the elements of chemical 
engineering if the major emphasis of the course is to 
be on the application to engineering problems. A good 
compromise might be to start the course in the second 
term of the third year and devote this term to getting 
the fundamentals across and then continue for a term 
in the fourth year on the applications. 





HOW SHOULD IT BE TAUGHT? 


As just stated above, I should recommend dividing 
the subject matter of a course roughly into two parts, 
each taking about one term. The work of the first 
term would deal with such things as fundamental con- 
cepts and definitions and some review of the necessary 
mathematics, the statement and exposition of the 
First and Second Laws, the definition of the important 
functions and development of quantitative relation- 
ships through the use of these functions both for pure 
substances and for solutions; compressibilities and 
equations of state, and their use in the integration of 
the differential equations; and finally, the calculations 
and use of various thermodynamic properties, the con- 
struction of charts presenting these properties in a 
convenient network, and simple applications of these 
charts. 

In the second term would come the application to 


specific fields such as the compression and expansion | 


of gases, fluid flow, heat flow (with reference to quan- 
tities of heat to be transferred and to driving forces 
but with no consideration of rates), refrigeration, fuels 
and combustion, power generation, electrochemical 
processes, distillation and other vaporization processes, 
and chemical reaction equilibrium. These are broad 
fields of application, and under each there are many 
special fields. Naturally, one cannot cover all these 
things, and the courses will vary in what they do cover 
according to the interests of the instructor. However, 
the exact fields are not so important. The main thing 
is to gain facility in the thermodynamic approach to 
problems and in applying the principles to as many 
different kinds of problems as is possible in the time 
available. 

Some believe that chemical engineering students 
should have two courses in thermodynamics, one by the 
Chemical Engineering Department from the chemical 
point of view and that of unit operations, and one deal- 
ing with heat engines and related topics, given by a 
member of the Mechanical Engineering Department. 
There are some points in favor of this view provided 
the latter course is designed for chemical engineering 
students and is given from the standpoint of funda- 
mentals and is not an exercise in the use of poorly under- 
stood formulas or largely descriptive of engine mecha- 
nisms. In general, however, I favor a year’s course by a 
chemical engineer with the major emphasis on applica- 
tions to unit operations and chemical processes but 
with some attention given to heat engines. 

I cannot emphasize too strongly the importance of 
giving the student, throughout the course, numerical 
problems to solve on his own initiative. A course not 
including such problems is practically worthless to the 
engineering student. Also I should recommend giving 
every problem an engineering flavor as far as possible 
in order to stimulate interest. For example, a problem 
might be just a calculation of a value of entropy but it 
can be dressed up to be more palatable. Some will 
object that this is purely ‘‘window dressing.”’ Perhaps 
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it is, but if it helps to sell the problem to the student, 
isn’t it worth while? 

Having shown how one might logically subdivide 
the subject and proceed in an orderly fashion as one 
does in writing a textbook, I am now going to throw 
logic and order overboard and tell you how I think | 
should like to teach thermodynamics. I haven't tried 
this yet but I am threatening to. 

Instead of starting out and leading the student by 
the hand through a wilderness inhabited only by such 
characters as entropy, enthalpy, partial molal free 
energy, Carnot’s principle and the like dull abstractions 
with only general hints at the promised land eventually 
to be reached, I propose to start in a wholly different 
way. I wouldn’t mention the three laws or the ther- 
modynamic functions but would keep them carefully 
hidden until a demand for them arose. The very first 
day I would pose a problem, not a simple one whose 
solution is obvious once you know the right formula 
such as “what is the entropy change when, etc.” or 
“what is the equilibrium constant for the reaction, 
etc.,” but a much more general problem of the type 
that one is apt to meet in practice. The problem will 
undoubtedly be too broad to be solved by thermo- 
dynamics alone and so the first step will be to break it 
down into several parts and I will, of course, have 
chosen it so that thermodynamics can be brought to 
bear to give an answer to one or more of these parts. 
Then the principles and formulas would be developed 
as they are needed for the solution and no more than 
just those needed. In this way the need for a principle 
or an equation would come first to the student’s at- 
tention and this would give them much more meaning 
to him. I suppose this is nothing more than the so- 
called ‘‘case system” used in law school but I wonder 
if it couldn’t be used more in undergraduate teaching. 
It seems to me it ought to be possible to proceed in this 
way through most of the course. Undoubtedly 
much less ground would be covered but what is covered 
would probably stick better and that is more important. 

It would take a lot of thought and hard work and a 
good background of practical experience to develop 
such a course but I believe it is a worth-while experi- 
ment and I hope someone will try it and then give us in 
detail the benefit of his experience. 


WHAT ARE ITS LIMITATIONS? 


Thermodynamics does have some pretty definite 
limitations and I believe the student should be given 
an intelligent appreciation of them. I have talked with 
men in industry who went out from school imbued with 
the idea that you could solve almost any problem if you 
just knew enough thermodynamics. It wasn’t long 
before they were sadly disillusioned. The trouble then 
is that the pendulum swings too far and they may lose 
all faith in the value of thermodynamics. As a matter 
of fact, the application of thermodynamics won’t get 
you very far in the solution of a practical problem but 
what it will tell you may be quite important. It acts 
as a general guide to the possibilities of a proposed proc- © 
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ess and assists one to come to a decision on the im- 
portant point whether to go further with it or consign 
the idea to the waste basket. 

Incidentally, the ‘‘case method” that I have just 
proposed would admirably serve to bring out the 
limitations because I am sure that none of the problems, 
if they are real problems and not the kind that we first 
labor over to simplify to the point where they can be 
solved by the student, could be at all completely solved 
with the aid of thermodynamics alone, and the student 
would be able to see just how far thermodynamics will 
take him and what other things he would have to know 
to finish the job. 

Just one brief example from the field of the applica- 
tion of thermodynamics to chemical reactions. Some- 
one proposes a reaction which is easy to write on paper 
and might be very valuable if it could be carried out 
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in practice. The first step in finding this out is a ther- 
modynamic analysis. When you get through, all you 
can say is that the reaction is possible to such and 
such an extent under a given set of conditions. You 
cannot say anything about the rate, the number of 
side reactions, the actual yield, the catalyst required, 
the equipment needed, and hundreds of other im- 
portant questions that will have to be answered before 
your reaction is going on a ton scale. These facts may 
seem pretty obvious but nevertheless I am certain that 
some students are given an exaggerated idea of the 
value of thermodynamics and are taught, by implica- 
tion, to regard it as a universal tool for solving problems. 
It is far from that and I am in favor of being very frank 
about it to the student so that he has a well-balanced 
appreciation of what he can do with it and what he 
can’t. 


On the Teaching of Thermodynamics 
in a Department of Physics 


F. G. BRICKWEDDE 


National Bureau of Standards, Washington, D. C., and University of Maryland, College Park, 
Maryland 


N recent years the status of thermodynamics in the 


physics curriculum has become uncertain. Some 
typical statements of others will make this clearer: 
An outstanding authority in physical chemistry in one 
of our large universities made the statement that it 
was chemists and not physicists who really knew 
thermodynamics. The head of a graduate department 
of physics remarked that in giving a course in thermo- 
dynamics he felt as though he were teaching physical 
chemistry. A teacher of advanced physics in another 
large university expressed the opinion that physics 
departments, in general, rated thermodynamics as a 
subject of minor importance for physics, and left 
instruction in it to chemistry departments. 

If these statements were true a thermodynamics 
course in the physics curriculum would be of little 
value to chemistry students. The majority of physi- 
cists will dispute these statements. Nevertheless, they 
cast doubts on the teaching of thermodynamics by 
physicists and make it necessary to review here the 
purposes of physics teaching in general and thermo- 
dynamics teaching in particular. 

The utilitarian purpose of advanced physics teaching 
is the training of students to solve original and practical 
problems arising in fields regarded as part of physics. 
The solution of these problems may call for laboratory 
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work, for paper and pencil work, or a combination of 
both. In the course of instruction leading to a de- 
gree, the average student can be taught only a few of 
the many types of physical problems that may arise 
after graduation. Hence, the training of the student 
must be such that he is enabled to solve unfamiliar types 
of problems. This training is based on giving the stu- 
dent a knowledge of important experimental phienom- 
ena, facility in the use of the mathematical cools of 
physicists, and a broad and deep understandiug of the 
fundamental concepts of the different branches of 
physics. The education of a physicist does not end 
with the conferring of a degree, but, it is expected that 
by graduation the student shall have made great prog- 
ress in the development of the ability to analyze 
physical problems, to make clear and understanding 
statements of them, and to solve them with the help 
of all the available books and journal articles, and dis- 
cussions with experts. 

The principal divisions of classical physics are gener- 
ally given as mechanics, heat, sound, light, and electri- 
city and magnetism. Active interest in different 
branches of physics changes with time. Thus, while 
sound is still an important branch of physics, active 
interest in it on the part of teachers of advanced phys- 
ics is in general far less than in electricity or optics. 
The practical importance of a branch of physics must 
not be judged by the emphasis placed upon it in the 
physics curriculum because teachers of physics must 
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emphasize those branches that give the student the 
best training in the solution of a broad range of prob- 
lems covering the whole field of physics. Conversely, 
the importance of a branch of physics in the training 
of physicists in a university cannot be determined from 
its practical importance. Our concern is with the 
teaching of physics. 

The phenomena of heat, of energy changes, and of 
equilibria, and the laws covering them are important 
for the training of both physicists and chemists. In 
view of the doubts that have been expressed concern- 
ing the importance of thermodynamics in the physics 
curriculum it is necessary to demonstrate this impor- 
tance for physicists, and for chemists who might be 
interested in taking a thermodynamics course in a 
physics department. This may be done by directing 
attention to phases of thermodynamics not ordinarily 
covered in courses in the chemistry curriculum. 

In the first place, all the temperature-dependent 
properties of bodies, whose changes are associated with the 
doing of work, excepting coefficients of friction, are 
amenable to thermodynamic treatment. Thus, if X 
is such a property and y is its generalized force such 
that ydX is the work done by a body or system when its 
property X changes, the first law of thermodynamics 
states that 


AQ = dU + paV + ydX (1) 
and for a reversible change the second law yields 
TdS = dU + pdV + ydX (2) 
The free energy becomes 
Fe H-—TS=U+ pV + 9X —TS (3) 


Applying the rules for differentiation ordinarily used 
in thermodynamics one obtains equations relating 
changes in X with changes in 7, p, V, and y, as for 


instance 
a 2) 
Gr)... (3 V,T (4) 


(3) ~~ Ger) o 
dy 7,.V dT v.V 

As an example of a property X in equations (1) to (5) 
may be cited the intensity of magnetization of a para- 
magnetic body or the electric polarization of a di- 
electric. The symbol y becomes the magnetic or 
electric field intensity. From thermodynamics, there- 
fore, are obtained relations connecting the intensity of 
magnetization and the electrical polarization with 
temperature, volume, pressure, and intensity of the 
magnetic or electric field. Equation (4) becomes a 
fundamental relation for electro- and magneto-stric- 
tion, telling one that the volume rates of change of the 
intensity of magnetization and electric polarization 
at constant temperature and field intensity are equal 
to the rates of change of the pressure necessary to 
maintain constant volume at constant temperature 
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when the field intensity is changed. The third law of 
thermodynamics and equation (5) snow that the 
temperature coefficients of intensity of magnetization 
and electric polarization, (dX /dT), fall to zero as the 
temperature 0°K. is approached. Equations (4) and 
(5) are only typical of numerous other relations that 
may be derived for X and y. 

Surface tension may be cited as an example of a prop- 
erty of the type y in equations (1) to (3). X becomes 
the area of the surface. The application of the mathe- 
matical methods of thermodynamics leads to equa- 
tions for: (1) capillary rise of a liquid in a tube; (2) 
the curvature of a liquid meniscus; (3) dependence 
upon particle size of solubility, of vapor pressure, and 
of equilibrium properties between different phases 
in general; (4) changes in concentration of a solute at a 
surface; and (5) changes of surface tension with changes 
in concentration of a solute. Thermodynamics has an 
explanation for the much greater changes in surface 
tension produced by solutes lowering the surface ten- 
sion than by solutes raising the surface tension. 

There is another type of physical problem amenable 
to thermodynamic treatment. This type is concerned 
primarily with energy or changes in energy form. 
Energy, the direction of change of mechanical systems, 
and the conditions for mechanical equilibrium are im- 
portant considerations for the science of mechanics. 
But mechanics is not adequate for the handling of prob- 
lems that involve a generation or flow of heat. A good 
illustration ot the point in hand may be taken from 
electrodynamics. By the application of the energy 
principle of mechanics to an electromagnetic field in 
free space it is shown that the energy density of the 
field in Gaussian units is (1/8r) (EZ? + H?). If the 
same mechanical principles are applied to an isotropic 
dielectric with magnetic permeability u and dielectric 
constant K one obtains (1/82) (KE? + ywH?) which ex- 
pression is often incorrectly given for the field energy in 
a dielectric. If K and p are temperature dependent, as is 
true for dielectrics in general, changes of E and H in 
the dielectric will be accompanied by changes in tem- 
perature and a flow of heat. Mechanics is not able to 
handle this problem. Thermodynamics is necessary 
and yields for the energy density in a dielectric 


1 T dK T dp 
gn KE (1 re Eat) + pH? (1 +< zt) | 


Temperature radiation and the thermocouple may 
be cited as examples of other problems involving changes 
in the form of energy and involving heat. The 
application of thermodynamics to the radiation field 
yields Kirchhoff’s Law for the ratio of the emissive 
and absorptive powers of a surface, the Stefan-Boltz- 
man T‘ Law, and the Wien Displacement Law E, = 
(1/M5) F (AT). The existence of Thomson electro- 
motive forces in a conductor in which there is a tem- 
perature gradient is most easily demonstrated through 
the application of thermodynamics to a thermocouple 
circuit. 
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The electromotive force of a thermocouple is 
E = mez — m2’ + a (c2 — o1)dT (6) 


This is a statement of conservation of energy in which 
7» is the rate of abscrption of heat at the junction of 
metals 1 and 2 at the temperature 7 when unit current 
flows from metal 1 to 2, m2’ is for the junction at the 
temperature 7’, and o; and 2 are the rates of absorp- 
tion of heat in the wires 1 and 2 of the thermocouple 
for umit current and unit temperature difference be- 
tween the ends of the wires. m and o are the so- 
called Peltier and Thomson coefficients. Only through 
the use of thermodynamics can equations (7) and (8) 
for separating the Peltier and Thomson coefficients 


be derived. 
dE 
es (F) (7) 


sept ig r (fA) (8) 


The thermogalvanic effects associated with the names 
Ettinghausen, Righi-Leduc, and Nernst are also amen- 
able to thermodynamics. 

Attention has been directed to types of problems in- 
volving thermodynamics since, as has been pointed out, 
it is a purpose of advanced physics teaching to instruct 
students in the solution of type problems. There are 
applications of thermodynamics to numerous special 
subjects as heat and refrigerating machines, phase 
changes of the second kind, superconductivity, liquid 
He II, and ‘the production of low temperatures by adia- 
batic demagnetization. For a physicist the proper- 
ties of the thermodynamic scale of temperature are of 
fundamental importance. Physicists should know 
that fundamentally a thermodynamic scale is inde- 
pendent of the properties of any’ particular piece or 
kind of matter, even the properties of the ideal gas; that 
the nonexistence of temperatures below 0°K. is a 
consequence of something more fundamental than the 
vanishing of the pressure or the volume of the ideal gas 
at O°K.; and that there are thermodynamic reasons 
why the temperature 0°K. is theoretically as well as 
practically unattainable. 

In citing only subjects outside the field of specialized 
interests of chemists, the aim has been to show that a 
good course in chemical thermodynamics does not ade- 
quately meet the needs of the physics major. Subjects 
of interest to both physicists and chemists such as 
solutions, p-V-T properties of state, and equilibrium 
of phases (phase rule) need not be elaborated upon here. 

It has been said that thermodynamics is essentially 
a practical science. This being so, chemists emphasize 
applications to chemistry and physicists applications 
to physics. Indeed much chemistry and physics may 
be learned from thermodynamics courses. For this 
reason both physics and chemistry departments should, 
ind in general do, offer thermodynamics courses em- 
phasizing applications in their respective fields. 
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There are other differences between thermodynamics 
courses in chemistry and in physics departments be- 
sides the difference in the fields of application. Phys- 
ics courses are much concerned with the development 
of students’ concepts of fundamental physical quanti- 
ties and properties. This is considered necessary for 
the training of students to cackle the unfamiliar prob- 
lems that will arise in connection with original research, 
and industrial and engineering work. In line with 
the development of concepts emphasis is placed upon 
physical rigor, that is, upon a logical presentation of 
methods of measurement, upon empirical phenomena, 
and upon basic assumptions of the mathematical theory, 
as well as upon a correct application of mathematical 
methods. Now a rigorously logical development of a 
science appeals to the aesthetic sense of most scientists, 
and given the time it would be required of every 
science. But student days are limited and the knowl- 
edge to be acquired is very great. Hence in one’s 
education it is necessary, for lack of time, to forgo rigor 
in some fields of science in order to extend one’s know]l- 
edge in other fields. But in a thermodynamics course, 
physics teachers are less justified in forgoing rigor than 
chemistry teachers and are obliged to give more atten- 
tion to the development of concepts because there is a 
greater variety of applications of thermodynamics in 
physics than in chemistry and hence a greater prob- 
ability that after graduation a physicist will be called 
upon to solve an unfamiliar problem calling for thermo- 
dynamics. 

There is, in general, a difference in the level of mathe- 
matical difficulty of thermodynamics courses given 
in chemistry and physics departments. Mathematics 
is an important tool of the physicist. He needs it for 
the study of physical theory and for the solution of prob- 
lems. Hence, physics majors have more extensive 
training in mathematics than chemistry majors. 
This is reflected in the thermodynamics courses. 

Assuming that thermodynamics as an important 
course in the physics curriculum is justified, let us 
turn our attention to the development of thermo- 
dynamics in the physics department. In Table 1, in 
which the principal divisions of instruction in the 
science of heat are listed, it will be seen that thermo- 
dynamics is classified as one of the divisions of the 
theory of heat. As with other branches of physics, the 


TABLE 1 
DIVISIONS OF INSTRUCTION IN THE SCIENCE OF HEAT 


I. Thermal phenomena—Laboratory and class study of empirical phenom- 
ena covering: thermometry, calorimetry, properties of state 
(p-V-T data), phase changes, and equilibria in single- and multi- 
component systems, solutions, and chemical changes. 


II. Theory 
1. Thermal conduction 
2. Thermodynamics 
3. Statistical mechanics and kinetic theories of matter. 


elementary course in heat is planned to present the 
student, through laboratory and classroom work, with 
the important empirical phenomena, in particular the 
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more obvious and fundamental ones. In the high- 
school physics course, which is intended to acquaint the 
student with the physical world about him, he begins 
the development of his concepts of temperature and 
heat, and though he is not instructed in entropy or the 
second law of thermodynamics he does learn about the 
degradation for useful work of energy converted into 
heat, and that heat always flows from a higher to a 
lower temperature. In the laboratory he learns 
thermometry and calorimetry and makes measurements 
of change in state and p-V-T relations of gases. The 
sophomore college course in physics goes beyond the 
high-school course but still emphasis is upon thermal 
phenomena and the solution of mathematical exercises 
illustrating applications of empirical laws. While the 
sophomore student may have heard of entropy he has 
no working concept of it. Further, calculus is not 
taught until the sophomore year in most colleges. 
Consequently, any study of thermodynamics as a 
mathematical science has to be postponed until the 
junior or senior year. The usual practice is to offer 
the junior or senior student a one-semester or two- 
quarter course in heat covering thermodynamics, ther- 
mal conduction, and kinetic theories of matter. Such 
a course acquaints the student with entropy but his 
knowledge of thermodynamics is necessarily limited 
as the time devoted to its study is short. A full-semes- 
ter or two-quarter term devoted just to thermodynam- 
ics and its applications in the field of physics is rec- 
ommended for the undergraduate physics curriculum 
with additional time in the undergraduate curriculum 
for the theory of thermal conduction and kinetic theo- 
ries of matter. Undergraduate physics and chemistry 
majors in their junior year are qualified to handle the 
mathematics of thermodynamic theory, and the cover- 
ing of parts of other branches of physics in discussions 
of radiation, thermoelectricity, surface tension, and 
electric and magnetic polarization in a thermodynam- 
ics course justifies this additional time. An impor- 
tant feature of the junior or senior course in heat is the 
advanced laboratory in heat measurements. This is, 
in general, the last opportunity afforded the student 
for laboratory work in heat unless he assists in testing 
or original work in a laboratory devoted to heat meas- 
urements, or himself undertakes original work in this 
field for a thesis. 

The study of thermodynamics emphasizing basic 
concepts and applications to radiation, magnetic, 
electric, and surface tension phenomena is usually 
placed in the graduate curriculum. Graduate physics 
courses in thermodynamics are often, and in fact should 
be, followed by a course in statistical mechanics and 
kinetic theories of matter. Statistical mechanics 
helps to make the physical natures of temperature and 
entropy clearer and provides the physical bases for the 
three fundamental laws of thermodynamics. It ac- 
counts for the fluctuations in density responsible for 
the molecular scattering of light (Rayleigh scattering), 
for the opalescence of gases in the region of their critical 
state, and the opalescence of two-phase liquid solu- 
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tions in the region of the critical solution state. Kinetic 
theories of matter acquaint the student with the struc- 
tural and molecular properties of matter that deter- 
mine the thermodynamic properties. The field of 
heat of greatest active interest at present is the calcula- 
tion of thermodynamic properties from spectroscopic 
and molecular structure data, using the methods of 
quantum statistics. Statistical mechanics and thermo- 
dynamic functions are being used for the calculation 
of rates of chemical reactions and liquid viscosities, 
It is evident that a course in statistical mechanics and 
kinetic theories of matter greatly enhances the value of 
a course in thermodynamics. 

In conclusion, it is recommended that students 
majoring in physical chemistry take the undergraduate 
and graduate courses in heat and thermodynamics 
offered by the physics department in addition to the 
course in thermodynamics in the chemistry depart- 
ment. Likewise, it is recommended that physics 
majors, not specializing in such applied fields as elec- 
tronics and hydraulics, take the undergraduate course 
in physical chemistry and the graduate course in chemi- 
cal thermodynamics offered by the chemistry depart- 
ment. It is well recognized that training in physics 
is an asset for a chemist. The converse, that training 
in chemistry, especially physical chemistry, is an asset 
for a physicist is also true, but unfortunately not so 
well appreciated. Of all the branches of classical 
physics, heat, including thermodynamics, is of greatest 
utility to the chemist, and the mathematics involved 
is the least difficult. Thermodynamics courses in 
the chemistry and physics departments do not dupli- 
cate each other. 

There is a further reason for chemists’ acquiring 
training in physics and for physicists’ acquiring train- 
ing in chemistry. There are differences in the points 
of view of the average chemist and the average physi- 
cist, and a difference in the way they tackle problems. 
Given a problem, the chemist is likely to begin labora- 
tory work very soon, trying something to obtain some 
information as soon as possible. On the other hand 
the physicist will likely start by analyzing the problem 
and planning a program of work before starting any 
laboratory work. The problem may be complicated 
and analysis so difficult that the physicist is overcome 
at the start, whereas the chemist with his probing ex- 
periments may uncover a lead to the solution of the 
problem. However, it does not always work out this 
way. Sometimes the results of the chemist’s probing 
experiments are too difficult to interpret because of 
incomplete control of all the variables or because the 
essentials of the problem are not understood. A 
combination of the two points of view and methods 
of attack is likely to be the most effective for a great 
range of both chemical and physical problems. Under- 
graduate courses in physical chemistry and heat, and 
graduate courses in thermodynamics offer students 
an opportunity of becoming acquainted with the 
point of view and method of attack of their allied 
science. 
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T IS a commonplace to hear it said that, from a 
logical sequence of scientific subjects, the student 
-never understands the last course he has taken, but 
only those up to the last one. Thus the student does 
not really understand trigonometry until he has taken 
calculus, he does not appreciate differential calculus un- 
til he has learned integral, nor the latter until he has 
taken a course in differential equations. The trilogy, 
physical chemistry, thermodynamics, and statistical 
mechanics form such a sequence. It is widely agreed 
that no student understands physical chemistry until 
he has completed a logical course in thermodynamics. 
I venture to state that no student understands thermo- 
dynamics until he has taken statistical mechanics. 
Perhaps no one ever understands statistical mechanics 
because there is no logical successor course! Actually, 
as in all such cases, the logical successor is independent 
research, and only the man who has attempted to find 
his own way in statistical mechanics by original explor- 
ation really feels at home with it. 

Statistical mechanics offers two supplements of dif- 
ferent natures to the thermodynamics course: (1) a 
powerful tool for obtaining thermodynamic parameters 
from independent sources, and (2) a derivation of 
the prime laws of thermoydnamics from the more 
causal laws of mechanics. 

The first of these, the tool, may be taught readily 
without great requirements of intellectual effort on the 
part of the student, and to a limited degree, so taught 
it is useful. But it is the second only, the derivation, 
which requires a more fundamental approach, that 
really contributes to an understanding of thermody- 
namics. 

The belief of the scientist that all phenomena are re- 
lated by cause and effect may be only a faith, but it is 
nevertheless a real and persistent one. It is not suffi- 
cient to him to know that two things are correlated 
and occur together, one must be the cause and the 
other the effect, or both the effect. of a third cause; 
e. g., the force accelerates the object, the acceleration 
does not cause the force to be there! 

Although the laws of equilibrium in chemistry, and 
thus the greater part of all physical chemistry, are to 
be derived as consequences of thermodynamic laws, 
the healthy instinct of the student revolts against re- 
garding the second law as causal in nature. The con- 
cept that the molecules of a material undergo reaction 
because they want their entropy to increase is hardly 
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believable if entropy is defined in any of the classical 
thermodynamic methods. The first law may stand on 
a much more solid instinctive footing (and historically it 
was accepted readily whereas the second law was long 
derided). However, here too, the statistical mechani- 
cal viewpoint that heat is a measure of the mechanical 
energy, both potential and kinetic, is necessary to lend 
meaning to the law as a causal relation. That very 
useful rule known as the third law is pure mysticism, 
until related to quantum states by statistical mechani- 
cal methods. 

If the concept of volume in phase space is once 
grasped, and entropy thought of as a measure of its 
logarithm, then the desire of the molecules to increase 
their elbow room in phase space, and therefore their 
entropy, appears to be a logical and compelling reason 
for their reaction. If upon this concept one has appre- 
ciated the limitation that the quantum theory imposes. 
on infinite division of the phase volume, so that quan- 
tum states of a system are visualized as cells in phase 
space, the third law is an immediate consequence and 
no longer mysticism. 

At this point one may again refer to the statement 
of the first paragraph. A brief discussion of one of the 
methods of deriving the laws of thermodynamics from 
the causal laws of mechanics may not serve to give the. 
student a complete mastery of the methods of statis- 
tical mechanics. That is hardly necessary, however, 
for him nevertheless to obtain a greatly enhanced in- 
sight into the meaning of thermodynamics. 

In the above discussion it appears that statistical 
mechanics is regarded as a mere servant of thermody- 
namics. I believe that this viewpoint is largely justi- 
fied in teaching chemists. I do not mean by this to. 
minimize the great service that the statistical methods 
perform for the study of rate procegses, essentially un- 
approachable by thermodynamical methods, but I be- 
lieve that this aspect should follow a thorough discus- 
sion of equilibrium systems. 

The general attitude of the teachers of theoretical 
physics has not followed this pattern. Statistical me- 
chanics in departments of physics usually follows thor- 
ough courses in both classical and quantum mechanics. 
Thermodynamics is not regarded as a logical prerequi- 
site. The course in statistical mechanics is frequently 
presented in such a way that the connection with ther- 
modynamics is reserved to the very end, and is some- 
times presented only as an interesting appendage. 

The usual preoccupation of the chemistry student 
with the ‘‘facts of chemistry” makes this approach un- 
profitable for the average student. In general the: 
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chemistry student learns thermodynamics willingly 
only because his knowledge of physical chemistry has 
shown him its need. His interest in statistical me- 
chanics is aroused, if at all, by his dissatisfaction with 
the thermodynamic second law, and his knowledge that 
thermodynamic, and therefore ‘‘useful,’”’ data can be 
obtained from spectrographic measurements through 
statistical methods. 

It is clear, however, that in a chemistry curriculum 
statistical mechanics should not compete with thermo- 
dynamics, but should be regarded as a more advanced 
course, offered, therefore, not to the general student, 
but as a graduate course, and then only advised for the 
student with some interest in theory, or one specializing 
in physical chemistry. Furthermore, such a funda- 
mental course in statistical mechanics should require a 
fairly thorough course in atomic structure and quan- 
tum mechanics, if not necessarily as a prerequisite, at 
least as a concurrent course. If some such course does 
not precede the offering in statistical mechanics the 
student will find himself somewhat lost unless his physi- 
cal chemical training has contained more than the 
usual scant reference to atomic structure. 

The question arises as to what extent a brief reference 
to statistical mechanical methods could profitably be 
included within the framework of a fundamental course 
in thermodynamics. The suggestion has something to 
commend it for that rare teacher who finds that the 
curriculum allows him more time than the bare mini- 
mum. Indeed such a reference might well compete 
with much of the detailed discussion of more compli- 
cated systems often included in a thermodynamics 
course “‘for practice.” 

Two alternatives present themselves. The first of 
these would be frankly to forgo any attempt to ‘‘de- 
rive’ thermodynamics from mechanics, but to present 
only the methods of calculation of thermodynamic 
functions of a perfect gas from atomic data. The second 
alternative would include the more general presenta- 
tion, but should also include the first alternative as an 
example. 

The first alternative requires but an hour’s lecture if 
the requisite knowledge of the quantum states of a 
molecule can be assumed, which is seldom the case. If 
the student has already been given the Stern-Tetrode 
equation for the absolute entropy of a monatomic gas 
with no internal energy or degeneracy, he can be told 
that this equation may be applied to any molecule of 
any complexity in any single internal quantum state, re- 
garding the molecules in different internal states as 
though they were different chemical species. Since the 
molecules in differing states have the same molecular 
weight they have the same entropy at the same tem- 
perature, and AF = AE. It follows from the thermo- 
dynamic equation for equilibrium that the ratios of the 
numbers in two states, 7 and j, are exp. (EZ, — E,)/RT. 
Given the numbers in each internal energy state the 
total internal energy expression can be immediately 
written, and by differentiation with respect to tempera- 
ture all other thermodynamic functions may be de- 
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rived. Alternatively, the entropy may be obtained 
from the equation for mixtures of gases. There re- 
mains only the application to some illustrative ex- 
amples, including the harmonic oscillator and two-di- 
mensional rotator. The student then has most of what 
is practically useful to him in the way of statistical 
methods to interpret spectrographic data for thermo- 
dynamic purposes, provided only that his quantum me- 
chanical and atomic structural knowledge are adequate 
to. the task. 

This presupposes the acceptance by the student of 
the Stern-Tetrode equation-for the absolute entropy 
of the monatomic gas, or at least the acceptance that 
this entropy depends only on the molecular weight, 
besides pressure and temperature. The justification 
of this involves the statistical interpretation of entropy 
and the third law. 

The adequate presentation of this interpretation in a 
few hours of lecture is no impossible task, provided 
again that the student is moderately conversant with 
the ideas of atomic structure, some simple quantum 
mechanics, and has not completely forgotten what he 
is supposed to know about classical mechanics. 

If by chance one is fortunate enough to have a class 
well versed in quantum mechanics the task is ridicu- 
lously easy, although much of the classical beauty of 
statistical mechanics is lost by speaking purely in terms 
of quantum states, without reference to phase space. 

For the sake of simplicity it is well to restrict oneself 
to an ensemble of systems of the same energy (micro- 
canonical). A system of molecules, just like a single 
isolated molecule, exists in quantum states. The funda- 
mental equations of quantum mechanics for transition 
probabilities between two states require equality for 
the rate of going from state 7 to j and from to7z. It is 
readily proved, then, that an ensemble of ergodic sys- 
tems is only in a steady state if there are equal numbers 
of systems in all quantum states (of the same energy), 
and that the population tends to equalize if it is out of 
equilibrium. It follows that all quantum states of the 
same energy are equally probable. 

Since the specification of the quantum state of a sys- 
tem is the most detailed specification of its condition 
that can be given we can choose states so that each 
state belongs to one and only one of a number of speci- 
fied macro descriptions of the system, which we may 
refer to as distributions. Since the quantum states are 
all equally probable the ratio of the probability of two 
distributions will be the ratio of the number of states 
belonging to them. A system inhibited to one distri- 
bution will, upon release of the inhibition permitting it 
to change its distribution (the opening of a stopcock, 
the closing of an electric contact, or introduction of a 
catalyst for a chemical reaction), be most likely found 
upon subsequent examination to be in the ‘‘equilib- 
rium’’ distribution characterized by having the largest 
number of quantum states. 

A quantity, S, defined as & times the logarithm of the 
number of available quantum states, then always in- 
creases for any spontaneous reaction at constant energy. 





January, 1945 


One has already a system of thermodynamics. The 
identification of heat with the mechanical energy of tae 
molecules, plus the assumption that all molecular forces 
are conservative, is the first law. A quantity, S, de- 
fined by the macro state of the system always increases 
at constant energy. Furthermore S, defined as propor- 
tional to the logarithm of an essentially positive integer, 
has a natural absolute value such that it never becomes 
negative, which is the third law. 

The final identification of S with the entropy already 
introduced by classical thermodynamical means may 
well be omitted, since the student will be glad enough 
to accept the evidence of similarity, or may be carried 
through by any of a number of conventional methods. 

If less reliance is to be placed on the student’s knowl- 
edge of quantum mechanics the similar procedure may 
be carried through in classical language. This requires 
the demonstration that equal volumes of phase space 
have equal probabilities, instead of the equal proba- 
bility of quantum states. The steps are somewhat 
longer. The use of a momentum coordinate space, the 
phase space, to describe the simultaneous configuration 
and motion must be described. The statement for a 
system of one coordinate only (bead on a string) is 
readily grasped, but the jump to a 10** dimensional 
space for a real system is rather startling. 

The Liouville Theorem must then be proved, or at 
least stated and illustrated. The concept of ergodic, 
which is trivial in the quantum mechanical system for 
which the continuum of the phase space is replaced by 
a finite lattice of quantum states, must now be intro- 
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duced. Finally the proof from these that equal phase 
volumes have equal probabilities is not as trivial as for 
the system of a finite number of quantum states. Hav- 
ing completed this proof the argument proceeds as 
with the quantum mechanical system. 

Nevertheless, if no pretense of rigor is maintained, but 
if the attitude of the description of a relation and 
method of derivation is adopted, a reasonably convinc- 
ing description can be given in two or three lectures. 

What has been described is not suggested for inclu- 
sion in the usual physical chemistry course that con- 
tains thermodynamics as a basis. It is, however, sug- 
gested as fit matter to include in a more fundamental 
and thorough course of thermodynamics frequently of- 
fered as a successor to such physical chemistry. 

However it must not be assumed that this is a plea 
for presenting the thermodynamics of such a thorough 
course as though it were based on statistical mechanics. 
The classical basis of thermodynamics as a concise 
mathematical statement of observations of general ex- 
perience must form the foundation of any good course 
of thermodynamics. But having presented this basis, 
which is a better ‘“‘proof’”’ of the validity of thermody- 
namic laws than any abstract statistical reasoning, one 
may then answer the natural question: If molecules 
obey the laws of mechanics does this requirement alone 
satisfy the dictates of the thermodynamic laws, or is 
there some mysterious further criterion imposed by 
thermodynamics which limits the nature of matter 
more restrictively than the simple requirement of the 
laws of mechanics? 


Applications of Thermodynamics 
to the Process Industries 


WAYNE C. EDMISTER 
Foster Wheeler Corporation, New York City 


LMOST everyone in scientific and industrial circles 

has at least some knowledge of thermodynamics 

and its applications. Mathematician, physicist, chem- 

ist, steam power engineer, chemical process engineer 
have different but related understandings. 

If thoroughly understood and applied with imagina- 
tion, thermodynamics can be a very useful and power- 
ful tool in process research, development, design, and 
operation. Although used extensively in the process 
industries, its powers are not being fully exploited be- 
cause too few fully appreciate its potentialities and 
understand the methods of application. 

During recent years, thermodynamics has been ap- 
plied to an ever increasing number of process problems. 
Because of the numerous fluids and operations en- 


1 Presented jointly before the Divisions of Chemical‘Education 
and Physical and Inorganic Chemistry of the American Chemical 
Society, 108th meeting, New York City, September i1, 1944. 


countered in the process industries, this field of appli- 
cation is almost unlimited. Recent developments in 
petroleum refining, synthetic rubber, and synthetic 
chemicals clearly indicate that the chemist and chemical 
engineer will be dealing with many new constituents 
and processes in the future. This trend makes the ap- 
plication of thermodynamics even more important. 

By means of thermodynamics, it is possible to make 
the most of research and engineering efforts. The most 
favorable temperature and pressure conditions for a 
given chemical reaction and the equilibrium distribu- 
tion of products may be predicted and thus save con- 
siderable laboratory time. Process design calculations 
can be made by means of phase distribution and heat 
data correlations and thus avoid excessive pilot plant 
development work. Exploratory research and pilot 
plant development work are necessary to determine 
space velocity, catalyst composition, etc., but the 
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proper use of thermodynamics will permit making the 
most of experimental work. 


TYPES OF APPLICATIONS 


There are five types of process applications of ther- 
modynamics, namely: (1) combustion, including fur- 
naces and regeneration cycles; (2) heat balances, in- 
cluding vaporization, condensation, distillation, and 
heats of reaction; (3) power, including pumping, com- 
pression, steam and electric drives, and flue gas tur- 
bines; (4) phase equilibrium for ideal and nonideal 
solutions; and (5) chemical reaction equilibrium, in- 
volving estimation of equilibrium conditions and yields 
for reactions. 

In general, the same procedure i is followed in each of 
the above groups of applications. First, experimental 
data are obtained and correlated. Second, tabula- 
tions and charts of derived thermodynamic proper- 
ties are developed. Third, the correlated experimental 
and derived thermodynamic properties are applied to 
the problem. 

The application of thermodynamics to physical 
process operations, such as fluid flow, heat transmis- 
sion, distillation, etc., involves changes in heat or work 
and phase equilibria for which fugacities, entropies, 
and enthalpies for liquids and vapors, both pure and 
in mixture are required. The application of thermo- 
dynamics to chemical reactions involves the use of free 
energies for the reactants and the products, for which 
heats of fusion, vaporization, and formation as well as 
heat capacities are required. 


FUNDAMENTALS OF THERMODYNAMICS 


A thorough working knowledge of the fundamentals 
of thermodynamics is essential for most applications 
and desirable for all others. It is easy to lose sight of 
the fundamentals while working with the details. Six 
tables (Tables 1 through 6) have been prepared pre- 
senting the fundamentals that constitute the framework 
of the thermodynamics used in the process industries. 
The equations shown are all derived by applying mathe- 
matics to the fundamental concepts and laws. 
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Transformation of Variables. The language of 
thermodynamics is mathematics. In deriving thermo- 
dynamic equations, it is frequently necessary to trans. 
form variables. Table 1 shows six relations for making 
these transformations, which are derived by manipulat- 
ing general differential equations defining the relation- 
ship of the variables. From a knowledge of these trans- 
formations it is easy to master the derivation of the 
thermodynamic relationships. 

Laws and Concepts. The fundamental laws and con- 
cepts of thermodynamics are summarized in Table 2 
where the three laws are defined. The first and second 
laws together form the foundation for most of the ther- 
modynamics used in the process industries. The con- 
cepts of conservation and degradation of energy permit 
developing many useful equations for thermodynamic 
properties of fluids and for phase and reaction equilib- 
ria. The third law, which enters into the computation 
of free energies for reactions, has fewer application 
than the first two laws. 

Entropy, the quantitative measure of the degrada- 
tion or unavailability of energy, is the most frequently 
misunderstood concept of thermodynamics. The miss- 
ing link in the understanding of entropy appears to be 
the significance of the degradation of energy and its re- 
lation to the derivation of the various thermodynamic 
equations. 

Considerable confusion exists regarding reversible 
and irreversible processes and the related significance 
of entropy. The Carnot cycle is a classic means of ex- 
plaining reversibility and entropy. Hence, the power 
and refrigeration Carnot cycles are included in this 
table of fundamentals. Specific heat and Joule-Thom- 
son relations are also shown to illustrate important 
fundamental relations derived from the first and second 
laws. 


THERMODYNAMIC PROPERTIES 


The thermodynamic properties required for the 
many fluids handled in the process industries include: 
densities, vapor pressures, critical state, fugacities, 
entropies, enthalpies, and free energies. Some of these 
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TABLE. 3—DEFINITIONS AND EQUATIONS OF Four THERMO- 
DYNAMIC POTENTIALS 


properties must be experimentally determined, while 
others are computed from basic experimental data by 
means of thermodynamic equations. 

Thermodynamic Potentials. The four thermodynamic 
potentials (residual work, free energy, internal energy, 
and enthalpy) are all related to each other as shown by 
the definitions in Table 3. These four properties are 
functions of pressure, temperature, volume, and en- 
tropy in a systematic manner. The residual work is 
useful in deriving phase equilibria relations, as is the 
free energy, the choice depending upon the type of data 
forming the basis for the computations. Internal en- 
ergy and the enthalpy are also important functions, 
the enthalpy being the most frequently and widely 
used of all four thermodynamic potentials. 

Experimental Data. The following types of experi- 
mental data are required for computing thermody- 
namic properties: (a) volumetric data, 7. e., pressure- 
volume-temperature measurements, including vapor 
pressures and critical data; (b) calorimetric data, 14. e., 
specific heats, latent heats of fusion and vaporization, 
heats of combustion and formation; (c) thermal coef- 
ficients, 7. e., Joule-Thomson coefficient and the iso- 
thermal effect of pressure on the enthalpy; and (d) 
phase behavior data, 7. e., the amounts and composition 
of the equilibrium liquid and vapor at various tempera- 
tures and pressures. It is important that chemists and 
chemical engineers working in this field be conversant 
with previous and current experimental work. Sage 
and Lacey (12) have made many contributions i in this 
field. 

Pressure-volume-temperature data for single com- 
ponent hydrocarbon systems are available in sufficient 
quantity and quality to permit developing adequate 
correlations. One technique used in obtaining P-V-T 
data is the calibrated high-pressure glass capillary 
tube, used by W. B. Kay (7). Although more single 
component P-V-T data would be of interest, the need 
for data on mixtures is much more urgent. 

With more than one component in the system, the 
P-V-T experimental problem is complicated .by the 
need for composition data on the equilibrium vapor and 
liquid in the two phase region. P-V-T data on binary 
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TABLE 4—THERMODYNAMIC, GRAPHIC, AND ANALYTIC EQua- 
TIONS OF STATE FOR USE IN COMPUTING THERMODYNAMIC 
PROPERTIES OF FLUIDS 


systems also yield phase equilibria information. For 
three or more components, this method has limitations 
because the compositions of the equilibrium vapor and 
liquid cannot be determined. 

Specific heats of liquids and vapors as well as the 
heats of vaporization are required in preparing entropy 
and enthalpy charts. Spectroscopic methods have been 
employed extensively in the computation of heat ca- 
pacities. In this connection, it is felt that there should 
be more calorimetric data obtained to check the spec- 
troscopic heat capacities. Likewise, more calorimetric 
data should be obtained to check heats of vaporizations 
computed from the vapor pressures and the densities of 
saturated vapor and liquid. \ 

The Joule-Thomson coefficient and the isothermal ef- 
fect of pressure on the enthalpy may be computed from 
volumetric data. However, these calculated values 
should also be checked by experimental data, especially 
for mixtures. Roebuck (11) has made many contribu- 
tions of Joule-Thomson coefficient data. Gilliland, et al. 
(5, 6) has experimentally determined the isothermal 
effect of pressure on some gases. 

Equations of State. Graphical and analytical 
methods are used in correlating P-V-T data for hydro- 
carbons. Table 4 presents several equations of state. 
The graphical methods have been used more extensively 
than the others. In the graphical methods the P-V-T 
data for pure hydrocarbons are correlated by means of 
the theorem of corresponding states by using reduced 
conditions, 7. e., ratios of the actual values of pressure, 
temperature, etc., to the values at the critical state. 
One technique employed in computing thermodynamic 
properties of hydrocarbons graphically is to use the 
volume residuals, 7. e., difference between the perfect 
gas and the actual volumes. By means of volume resid- 
uals, the derivatives of the volume may be evaluated 
accurately by graphical methods. 

The P-V-T data for mixtures may be correlated on 
the same graph with pure components by using the 
pseudocritical state in computing the reduced condi- 
tions for the mixture, estimating the pseudocritical for 
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the mixture from the true criticals of the components. 
The pseudocritical concept, a contribution of W. B. Kay 
(7) and a very useful chemical engineering tool, is ade- 
quate for estimating densities and changes in enthalpies 
for hydrocarbon mixtures. Although valuable in these 
respects, the pseudocritical concept is too approximate 
for use in developing phase equilibria relationships for 
mixtures in the higher pressure ranges where the laws of 
ideal solutions do not apply. 
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With reference to the use of reduced states in cor- 
relating density data, K. M. Watson (14) recently 
published a correlation of this kind for liquid densities 
that is of interest and value to chemical engineers. 

The equation of state developed by Benedict, et al. 
(1) forms the basis for deriving accurate relations for 
computing densities, entropies, enthalpies, free ener- 
gies, and fugacities for single and multicomponent sys- 
tems. This equation of state is the most versatile 
known to the writer. It will be noted that the Bene- 
dict equation of state is explicit in pressure, which 
makes it difficult to obtain volume derivatives. How- 
ever, this disadvantage is offset by the fact that this 
equation applies to both liquid and vapor phases. This 
is not possible in an equation explicit in volume. 

The constants for the Benedict equation are evalu- 
ated from experimental data, such as vapor pressures, 
densities, critical conditions, heats of vaporization, 
etc., for pure hydrocarbons, and then computing the 
constants for mixtures from the constants for the indi- 
vidual components by the relations shown in Table 4. 
This equation is particularly useful in preparing tables 
and charts of thermodynamic properties for use in 
making routine process calculations. It is not well 
adapted for direct use in making these routine calcula- 
tions, however, because of -its complexity. This in- 
direct application to the development of tables and 
charts of thermodynamic properties is one of the most 
important applications of thermodynamics in the 
process industry. 

Phase Equilibrium. For some mixtures, and tem- 
perature-pressure conditions, the vapor pressures and 
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the total pressures may be used in making phase equi- 
librium calculations. In these cases only vapor pressure 
correlations are required. For other situations where 
vapor pressures cannot be used but the liquid and vapor 
phases are ideal solutions, “‘ideal fugacities” or “‘cor- 
rected vapor pressures’ may be used in phase equilib- 
rium calculations. These fugacity equilibrium con- 
stants are obtained from the P-V-T data for the pure 
components, by means of graphical or analytical equa- 
tions of state. At higher pressures, 7. e., near the crit- 
ical, the liquid and vapor phases are nonideal so the 
problem becomes much more complicated. 

Table 5 shows the important features of the thermo- 
dynamics relating to these three methods of making 
phase equilibria calculations. This table shows the 
equations for the vapor pressure and ideal fugacity 
phase distribution constants, which are straightforward 
and require no further explanation. The situation re- 
garding nonideal solutions, on the other hand, is quite 
different. Several empirical and theoretical attacks 
have been made on this type of equilibrium problem. 

From a theoretical standpoint, separate correlations 
of the fugacities for the liquid and vapor phases (as 
functions of temperature, pressure, and phase compo- 
sition) would be desirable providing the correlations 
were not too complex. Such fugacities could be com- 
puted with relations derived from the Benedict equa- 
tion of state. The preparation and application of such 
data are a laborious procedure, however. Experi- 
mental phase equilibrium data should be used to sup- 
plement the equation of state calculations. 

An empirical method, employing the convergence 
pressure concept, has been proposed by G. G. Brown. 
This method, which is discussed in an article by White 
and Brown (15), is based on the fact that on an equilib- 
rium constant vs. pressure plot for a given constant 
temperature the lines for different hydrocarbons con- 
verge at a high pressure, which is the critical pressure 
when the temperature is the critical temperature. Ex- 
perimental data are required on many mixtures to de- 
velop this method, which should prove to be adequate 
for most ordinary problems and also simpler than the 
separate fugacity method. 

The experimental phase equilibria data required in 
developing the separate fugacity and the convergence 
pressure correlations may be obtained by determina- 
tions of batch or flow phase equilibria. The high 
pressure calibrated glass tube used by Kay (2, 7) is an 
example of the batch technique. This method is very 
good for determining border curves and the relative 
amounts of liquid and vapor. The compositions of the 
equilibrium vapor and liquid cannot be found with 
this method. For binary systems, the equilibrium con- 
stants may be computed from these border curves. 

For more than two components the equilibrium bomb 
may be used. In this method, samples of the equilib- 
rium vapor and liquid may be removed for analysis by 
displacing the volume of the samples with mercury to 
maintain equilibrium. Another method employed with 
success by Gilliland (6) is the equilibrium still method, 
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which may be called semicontinuous. Continuous phase 
equilibria determinations have been made in two types 
oi equipment, as illustrated by White and Brown (15) 
and by this author (4). 

For some multicomponent higher-boiling petroleum 
fractions, such as gasoline, the component technique of 
making phase equilibria calculations is not practical 
because of the large number of components. For mix- 
tures of this type, it is necessary to use empirical meth- 
ods based on laboratory distillations to construct the 
phase diagram, from which the boiling points, dew 
peints, and relative amounts of liquid and vapor may 
be obtained. Likewise, empirical correlations can be 
derived to estimate the composition of the equilibrium 
vapor and liquid. 

Phase diagrams for three petroleum fractions were 
published recently (4) from data obtained by continu- 
ous equilibrium flash vaporization runs at different 
temperatures and pressures. It is of interest to note 
that the lines of constant per cent vaporized are 
straight lines on log of the pressure to the base 10 vs. 
reciprocal of absolute temperature. The lower portions 
of these lines can be predicted by ideal fugacities. 

Entropies and Enthalpies. The preparation and the 
application of entropy and enthalpy charts and tabu- 
lations for pure fluids and their mixtures represent one 
of the most important applications of thermodynamics. 
In computing entropies and enthalpies for these charts 
and tables, it is customary to correlate, smooth, inter- 
polate, and extrapolate the experimental vapor pres- 
sure, heat capacity, latent heat, and volumetric data 
by graphical or analytical methods. 

The isobaric effects of temperature on the entropy or 
the enthalpy are computed from the heat capacity, 
while the isothermal effect of pressure may be com- 
puted from volumetric data by means of thermody- 
namic equations. As indicated above, it is desirable 
but not always necessary to have experimental data on 
the effect of pressure also. Graphical methods using 
residual volumes have been applied to pure compo- 
nents by several workers (3, 16, 18) in this field. This 
method may also be applied to mixtures by means of 
the pseudocritical concept. 

Another method that has been applied to single and 
multicomponent systems is the equation of state of 
Benedict. This method is more tedious than the pseudo- 
critical technique for mixtures but on the other hand 
is theoretically sounder. ; 

Enthalpy vs. temperature charts for the lighter hy- 
drocarbons can be prepared from existing data. These 
charts can be applied to mixtures by assuming that the 
enthalpies are additive. The accuracy of heat balances 
made by the writer on light hydrocarbon process equip- 
ment indicates that the assumption of additivity is 
justified for these hydrocarbons at moderate pressures. 

Mollier diagrams, 7. e., charts involving entropy and 
enthalpy for light hydrocarbons and some of their 
mixtures, have been prepared and published (8). These 
charts were prepared by the graphical method, assum- 
ing additivity for the mixtures, and then spot checked 
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by means of the more sound equation of state method. 
The two methods were found to be in satisfactory agree- 
ment at the points checked. Charts of this kind are 
useful in making refrigeration calculations, which often 
arise in the process industries. Hydrocarbons, both 
pure and in mixtures, are frequently used as refriger- 
ants. In this connection, the method of York (17) for 
making compression calculations is useful where it is 
not practical to prepare Mollier diagrams for the fluid 
in advance. 

Enthalpy vs. temperature charts for higher-boiling 
petroleum fractions, such as gasoline, etc., can be pre- 
pared by using the pseudocritical technique with 
graphically integrated volumetric derivatives. On 
charts of this kind the constant pressure lines slope in 
the two-phase region, representing the change in tem- 
perature between the boiling and dew lines, which 
bound the two-phase region forming the phase diagram. 
Thus charts of this kind are a combination phase and 
enthalpy diagram and very valuable in making compu- 
tations for the mixture. For example, the final tem- 
perature after throttling at constant enthalpy into or 
out of the two-phase region may be found from this 
chart. 

Chemical Reaction Equilibrium. Thermodynamics 
may be used to estimate the equilibrium of a given re- 
action and thus predict the conditions most favorable 
to it. By a combination of thermodynamics and ki- 
netics, the equilibrium distribution of products may be 
estimated. The heat absorbed or liberated in a reaction 
may also be found by means of equations derived by 
thermodynamics. The fundamental equations for 
these computations are given in Table 6. 
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Experience at many research laboratories has proved 
the value of compiling tabulations and charts giving 
thermodynamic data for the formation of various com- 
pounds of interest to that organization. For example, 
petroleum research laboratories have done this for the 
heats and free energies of formation for the hydrocar- 
bons. These data are computed from heats of forma- 
tion and entropies, the latter being prepared by means 
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of the third law and low-temperature heat capacities 
together with heats of vaporization and fusion. Heats 
and free energies for reactions are found by combining 
the heats and free energies of formation for the react- 
ants and products. 

Although thermodynamics is very useful in studying 
chemical reactions, it does not give any clue to the ap- 
proach to equilibrium. For this, supplementary data 
on heat transfer rates, diffusion coefficients, rates of 
mixing, viscosities, and reaction velocities are required. 
Exploratory research and pilot plant development work 
are necessary to obtain this supplementary information. 


PROCESS APPLICATIONS 


Practically all industrial processes involve the con- 
version of energy from one form to another and of 
course some energy is always lost to the low-tempera- 
ture heat ‘‘sink,’’ which may be the flue gas stack, the 
cooling water, etc. 

Unit Operations. In the design and operation of 
chemical processes, the chemical engineer is concerned 
with the unit operations, namely: fluid flow, heat trans- 
fer, vaporization and condensation, absorption and 
stripping, distillation and extraction, combustion and 
catalyst regeneration, etc. In all of these unit opera- 
tions, thermodynamics is a useful tool. In the flow of 
fluids, various forms of energy are involved. In the 
transfer of heat, enthalpy is the contribution of ther- 
modynamics. For the separation processes, phase 
equilibria and enthalpy data are required in making the 
various design calculations and analyzing plant per- 
formance. 

Where there are substantial variations in the molal 
overflow in distillation and extraction operations it is 
necessary to make heat balance calculations at fre- 
quent intervals. For these calculations constant pres- 
sure plots of enthalpy vs. compositions with constant 
temperature tie-lines are sometimes helpful. Recent 
articles by Randall and Longtin (10) and an earlier one 
by Thiele (13) deal with this technique. 

In most processes, preheating and vaporization fur- 
naces are required to prepare the fluid for reaction. 
The design of these furnaces is usually more compli- 
cated than the design of steam boilers because of the 
type of fluid being handled, it being necessary to con- 
sider the time-temperature gradient for the fluid in 
order to avoid overheating and thermal decomposition. 
The combustion and flue gas calculations, which are no 
different from those for steam boilers, require heats of 
combustion and specific heats of the combustion prod- 
ucts. In many process furnaces, flue gases are recircu- 
lated to avoid overheating and at the same time keep 
the economy as high as possible. 

There are a number of other operations where flue 
gas calculations must be made, namely, catalyst re- 
generation cycles, waste heat boilers, and flue gas tur- 
bines. For these calculations it is necessary to have 
tables and charts of volumes, entropies, and enthalpies, 
as functions of pressure, temperature, and composition, 
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as defined by hydrogen/carbon ratio of the fuel and 
excess oxygen. 

Process Operations. Thermodynamics plays an im. 
portant role in the design and operation of commercial 
processes. Recent process developments in the pe- 
troleum industry have resulted in great progress along 
synthetic lines. In addition to motor fuel and lubri- 
cants, special hydrocarbons are now being manufac. 
tured for inclusion in aviation gasoline and for the 
manufacture of explosives. In addition, various al- 
cohols and raw material for manufacture of synthetic 
rubber and plastics are prepared from petroleum hydro- 
carbons. A recent article by Murphree (9) describes 
many new developments in the petroleum industry. 

Many chemical processes are in operation and others 
are being developed to manufacture products essential 
to war and peace activities from different starting raw 
materials, such as: natural gas, refinery gases, casing- 
head gasoline, petroleum, coal, shale, salt, corn, wheat, 
corn cobs, rice hulls, sawdust, etc. All of these proc- 
esses have many similarities. Regardless of future de- 
velopments the process industries will still be concerned 
with the same fundamentals and unit operations. With- 
out going into detail, a few of the thermodynamic ap- 
plications will be discussed. 

The recent development and commercialization of 
the fluid catalyst cracking process has started a new 
trend in catalysis. In this process fine mesh catalyst is 
fluidized by steam, air, or hydrocarbon vapors and cir- 
culated through the reaction and regeneration stages 
of the process. This principle has been applied to the 
cracking of petroleum to produce high-octane aviation 
gasoline. In the future it will undoubtedly be applied 
to other process operations as well. The fluidized cata- 
lyst presents many problems, some of which can be 
solved by the yse of thermodynamics. Although the 
fluid catalyst principle is new its application involves 
the use of various well-known unit operations, such as 
heat transfer, distillation, etc., to prepare the feed 
stock and handle the products from the reaction. 

In contrast to the fluid process there are many new 
processes in operation employing a stationary catalyst 
bed with intermittent reaction and regeneration. An 
example of this type of process in the petroleum ‘n- 
dustry is the hydroforming process for the manufactuce 
of aromatics. In the commercial version of this proc- 
ess, there are usually two sets of reactors so that one is 
reacting while the other’one is being regenerated. The 
regeneration of the catalyst is accomplished by the cir- 
culation of flue gas containing oxygen, the amount of 
oxygen being regulated to permit regeneration without 
overheating the catalyst. The heat liberated by burn- 
ing the catalyst deposit is removed in waste heat boilers 
generating steam, the excess flue gas produced being 
removed from the system by venting the gases to the 
atmosphere t-urough a flue gas turbine generating by- 
product power to compress the flue gases and the air. 

Another example of the intermittent catalytic proc- 
ess is the Houdry Process, where oil is cracked in sta- 
tionary catalyst beds that are also regenerated inter- 
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mittently. The gas from regeneration of the catalyst 
is likewise expanded through a flue gas turbine, thus 
generating power for the compression of air for regener- 
ation. In this process the temperatures in the reaction 
and regeneration zones are controlled by means of a 
circulating molten salt, which carries heat from a re- 
generating to a reacting catalyst bed. 

A very important consideration in the design and 
operation of every process is the over-all heat balance, 
i. e., the balance between the various power and heat- 
ing loads. Power for pumping and compressing might 
be supplied by electricity, steam, or gas engines. Proc- 
ess and building heating is usually supplied by steam 
at different pressures, depending upon the duty. It is 
‘important that this balance be worked out for greatest 
economy through all seasons of the year. If there are 
uncertainties in the process heating and power require- 
ments, the utilities may not be properly designed, with 
the result that it may be necessary to blow steam to the 
atmosphere in the summer or cool excessive amounts 
of high pressure steam in the winter to maintain a heat 
balance on the operation. Accurate thermodynamic 
properties of the fluids being processed are obviously 
important for calculation of over-all heat balances. 


CONCLUSIONS 


In conclusion, the science and art of mastering and 
applying thermodynamics may be divided into the fol- 
lowing steps: (1) mathematics; (2) concepts and 
theories; (3) derived thermodynamic equations; (4) 
fundamental volumetric and calorimetric data; (5) 
correlation, of data and development of tables and 
charts of thermodynamic properties; and (6) the ap- 
plication of the above to the problem. 

It is important that the chemist and chemical engi- 
neer have a thorough understanding and familiarity 
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with the mathematics, laws, and formulations of ther- 
modynamics and that they appreciate but do not over- 
rate its potentialities. In addition, they should have 
imagination and curiosity regarding the application of 
thermodynamics to industrial problems and be con- 
versant with the developments and writings of previous 
and contemporary workers in this field. As in any 
other subject, it is of value to be able to discuss ther- 
modynamics intelligently with industrial executives. 

Chemists and chemical engineers preparing for work 
in the process industries should receive a sound and in- 
spirational training in thermodynamics and its past, 
present, and potential applications. 
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@ The expiration date for the salts of penicillin, origi- 
nally 90 days, has been extended considerably following 
intensive stability investigations, and it has now been 
definitely established that there is no loss of potency 
after some 350 days when the sodium salt is stored at 
—5°C., said Peter P. Regna, of the Chas. Pfizer & Co., 
Research Laboratories, Brooklyn, in a paper read be- 
fore the meeting of the American Institute of Chemi- 
cal Engineers held in St. Louis. 

Dr. Regna said it was fortunate that the salts of 
penicillin, sodium and calcium, are so stable, other- 
wise the problem of transportation to and storage of 
penicillin in the various battle areas would present 
insurmountable difficulties. 

He described the steps necessary to provide the re- 
markable new antibiotic substance in billions of units 
to the armed forces and civilian hospitals. Much of the 
process has to be carried out at very low tempera- 
tures, and at some intermediate stages it has to be 
hurried, as during the adsorption treatment with moist 


carbon, when its stability exceeds only a few hours. 
Penicillin, he said, is biologically inactivated by high 
temperatures, by acids and bases, moisture, heavy 
metals, primary alcohols, and by oxidizing agents. 

Penicillin also is rapidly destroyed by an enzyme 
from bacteria called ‘‘penicillinase.’’ These and other 
contaminants, therefore, must be rigorously excluded, 
and these conditions impose a marked limitation upon 
the techniques which may be employed for the recovery 
of the chemo-therapeutic agent. 

Following initial fermentation in deep tanks under 
sterile conditions, penicillin undergoes a number of 
steps involving the use of solvents, adsorption on 
activated carbon, filtration, drying. After it has been 
re-extracted from one of the solvents with dilute sodium 
bicarbonate, it may be safely handled through all 
subsequent steps, said Dr. Regna, right to its enclosure 
in the final container without signs of inactivation. 
In serum bottles sterilized penicillin can then be stored 
at least a year without any effects on its potency. 
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Camouflage. No. 2,361,473. Walter C. Granville, 
New York City, assignor to Interchemical Cor- 
poration. 


This patent is the result of another attempt by the 
paint chemist to fool the eye and the aerial camera. 
It seems that armies throughout the period of recorded 
history have used natural vegetation to hide their 
movements from the enemy. Modern armies still 
use branches and bushes to hide installations of guns 
and observation posts. But fresh green leaves soon 
fade and must either be replaced frequently or become 
useless for their intended purpose. So the camofleur 
first hit upon the scheme of painting strips of cloth with 
green and yellow paint and using the painted cloth to 
cover vital installations. This was fine until the ob- 
servers in airplanes started using cameras and films 
which detected the difference between the green of 
natural foliage and the green of ordinary paint pig- 
ments. 

The difference in the way that natural green foliage 
appears to the camera’s eye and the way that ordinary 
green pigments photograph is due to the difference in 
infrared transmittance and reflectance as well as to the 
fact that foliage has high absorption in the long wave 
end of the visible spectrum. The solution to the prob- 
lem was to develop pigments that not only looked like 
foliage to the unaided eye but which would reflect in- 
frared rays like green foliage. 

The pigment composition of the present invention 
depends for its infrared reflectance on the inclusion of 
certain deep blue colorants, the particular visible shade 
of the composition being adjusted by the addition of 
reds and yellows. The deep blue colorants preferred 
are light fast compounds obtained by coupling tetrazo- 
tized dianisidine with beta-oxynaphthoic acid, the ani- 
lide of beta-oxynaphthoic acid or with alkoxy substi- 
tuted anilides of beta-oxynaphthoic acid, of which the 
latter are the most light stable. 


Larvicide. No. 2,357,717. Wesley G. Bruce, Dallas, 
Texas, dedicated to the free use of the People in 
the Territory of the United States. 

One of the most troublesome insect pests attacking 
cattle in the United States is the horn fly. The eggs 
of this insect are deposited only on fresh cattle drop- 
pings and the larvae develop only in such media. 
Therefore, in order to effect horn fly control it was nec- 
essary to find some substance which could either be 
administered orally to cattle or mixed with the feed 
and which would be excreted by the animal, rendering 
the droppings toxic to the horn fly larvae. Of course 
the substance had to be nontoxic to the animal. 


The patentee discovered that common zinc stearate 
was a powerful larvicide for horn fly larvae and when 
mixed with bran and fed in daily doses of 4 g. zinc stea- 
rate to each hundredweight of the animal would prevent 
horn fly larvae from developing in the droppings after 
the second dose. It was also found that the stearate 
was very likely toxic to many animal parasites which 
live in the stomach and intestinal tract. 


Luminescent Material. No. 2,361,467. Harry M. 
Fernberger, Cleveland Heights, Ohio, assignor to 
General Electric Company. 

The increasing use of phosphorescent and fluorescent 
materials directs attention to the present patent. 

Phosphors consist in general of a major proportion of 
a so-called base material or matrix and a minor propor- 
tion of another material called an activator. The lu- 
minescent qualities of the phosphor generally depend on 
the relations between matrix and activator, as deter- 
mined by heat treatment which they undergo together, 
as well as on the identity of these materials themselves. 

A preferred base material is cadmium tungstate pre- 
pared in any ordinary way, as by reaction between 
cadmium nitrate and sodium tungstate. During the 
preparation activators may be added in the form of 
the nitrate or oxide of bismuth and samarium nitrate 
or fluoride. The resulting phosphor is said to be power- 
fully excited by ultraviolet radiation of about 3000 
Angstréms to 3800 Angstroms. 

A modification may be made by adding a minor 
amount of beryllium to the matrix and using the same 
two substances as activators. This seems to render 
the fluorescent light whiter and brighter. 

These new phosphors may be used as a coating on 
the inner surface of an enclosing jacket of a high- 
pressure mercury arc lamp or they may be employed 
to provide color in a design, a dial, a sign, or the like. 


Lightweight Plastic Composition and Method. No. 
2,361,438. Philip S. Turner, Williamsport, Penn- 
sylvania. 

The making of an unusual type of lightweight plastic 
material is illustrated in the present patent. The pur- 
pose is to provide a lightweight composition of thermo- 
plastic resin which is suitable for aircraft and other 
structures. 

When an uncured phenol-formaldehyde plastic mass 
is provided with from 2 to 12 per cent by weight of 
starch granules intimately mixed with or suspended 
on fibers included in the mass, and that mass is cured, 
the water and other vapors formed by the chemical 
reaction, together with the water originally contained 
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in the starch and resin, cause the starch particles to 
swell and produce a closed cell structure which has a 
lower density than the weighted average density of the 
ingredients. The swelling of the starch is normally 
controlled to prevent the starch grains from exploding. 

The material formed by the inclusion of starch in the 
thermosetting resin is a closed-cell type of structure 
having each swollen starch grain included in the resin. 
At the completion of the cure, and upon cooling the 
niaterial, the water vapor captured by each starch 
particle condenses, leaving in general a spherically 
shaped void in the material much larger than the origi- 
nal starch grain. 


Apparatus for Producing Ice Charged with Carbon 
Dioxide Gas. No. 2,361,137. Kenneth F. Terry, 
San Francisco, California, and James J. Impera- 
trice, Fresno, California. 

Although this sounds suspiciously like a well-known 
comic strip inventor’s creations (the ‘“‘Major’’ to you) 
this is a bona fide attempt to solve an age-old perplex- 
ing problem. The carbonated drinks, both soft and 
hard, to which Americans are addicted have a tendency 
to go flat as their cooling ice melts. The inventors 
have apparently provided a solution to the problem by 
making carbonated ice. Then as the ice melts it gives 
up its trapped COs, thus keeping the drink fresh and 
sparkling. It also seems to obviate the use of that 
famous contraption, the soda siphon. 

The cans in which the ice is frozen are made to 
withstand high pressures. As the water is frozen, car- 
bon dioxide gas is bubbled up through it and the can’s 
contents are kept under a pressure of about 65 pounds 
per square inch. 

The product can be used to advantage in the icing 
of fruits and vegetables, which deteriorate rapidly in an 
atmosphere containing the normal amount of oxygen. 
The melting ice releases CO: which replaces much of 
the oxygen, thus aiding in preserving the perishables. 


Tetrachloro Fluorotoluene. No. 2,361,590. Burnard 
S. Biggs, Summit, New Jersey, assignor to Bell 
Telephone Laboratories, Inc. 

This invention has to do with the production of a 
group of substances having high dielectric constants 
and other good electrical properties making them de- 
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sirable as condenser dielectrics. Their high dielectric 
value saves weight and space in the construction of 
communication equipment. This is of value not only in 
aircraft communication systems but in city telephone 
exchanges. 

The tetrachloro fluorotoluenes are best prepared by 
chlorinating their respective fluorotoluenes. This chlo- 
rination proceeds less rapidly than the chlorination of 
toluene itself. In order to cause the chlorination to 
proceed satisfactorily iron powder or antimony penta- 
chloride or both are used as catalysts in carbon tetra- 
chloride solution. The resulting product is fraction- 
ally distilled, and the fraction boiling at about 269°C. 
is collected. When purified it is obtained in the form 
of white needles melting at 146°C. 

Another way of preparing the tetrachloro fluorotolu- 
enes is to nitrate the appropriate tetrachloro toluene, 
reduce the nitro group to the amino group, replace the 
amino group with a fluorine atom either by diazotizing 
in the presence of hydrofluoric acid or pyrolysis of the 
diazonium borofluoride. 


Copolymers of Vinyl Halides. No. 2,361,504. Win- 
field Scott, e¢ al., assignors to Wingfoot Corporation, 
Wilmington, Delaware. 

The vinyl polymer plastics have become so widely 
used that anything new concerning them is interesting 
to a legion of chemists. 

The inventors here concerned point out that vinyl 
chloride and vinyl bromide have each been polymerized 
by themselves but apparently the two have never been 
copolymerized. The copolymer is much more readily 
soluble in ethylene dichloride and similar solvents than 
is polyvinyl chloride alone and therein lies its utility. 

A typical preparation is as follows: to 15 ml. of a 
solution of an emulsifying agent such as Aquarex D is 
added a buffer mixture, such as MclIlvane buffer, which 
gives a hydrogen ion concentration of about pH 7. 
To this is added 1.6 g. carbon tetrachloride, 0.2 g. so- 
dium perborate, and 25 g. of the desired mixture of 
monomers of vinyl chloride and vinyl bromide. Poly- 
merization is carried out with agitation at 35°C. for 
20 to 90 hours. The polymer is obtained from the la- 
tex thus formed by the addition oftalcohol or by salting 
out. 





@ The Chicago Section of the American Chemical 
Society has recently issued a most attractive pamphlet, 
“The Chemist and the Chemical Engineer in Industry,” 
which should be made available to all prospective 
chemists and chemical engineers and to all those having 
to do with vocational guidance. It is more attrac- 
tively illustrated than any similar publication which 
we have seen for a long time, and will make the young 
inquirer think, at first glance: “‘If that is what chem- 
ists do, I want to know more about it.’”’ It is reprinted 
‘rom the Chemical Bulletin, and copies may be had 


from the Executive Office of the Chicago Section, 
American Chemical Society, 505 North Michigan 
Avenue, Chicago 11, Illinois. 


e Along the same line, but not so particularly dedi- 
cated to the recruiting of chemists, is a well-illustrated 
pamphlet from the Battelle Memorial Institute (Colum- 
bus, Ohio) entitled, “Research in Action.” It de- 
scribes some of the fascinating work which has been 
going on in that institution, covering a wide range of 
fields. Much of it is chemical or closely allied. 
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HE apparatus generally employed for determining 
the molecular weight of a volatile substance by 
Lumsden’s method requires calibration with a sub- 
stance of known molecular weight before it can be used 
to find the molecular weight of an unknown substance. 
In the apparatus described here, this difficulty is 
avoided, and the molecular weight may be calculated 
directly from the measured dimensions of the apparatus 
and the experimental conditions. 
The assembled apparatus is shown in the accompany- 
ing diagram. It consists of a 250-ml. side-neck pyrex 
flask which has been sealed off at the side neck. This 
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type of flask was selected as it is considerably stronger 
than the ordinary Erlenmeyer flask. The manometer 
M is made from 10-mm. capillary tubing, the inner 
diameter of which is 2 to 3 mm. The manometer is 
graduated every 0.2 cm. on the lower end for a length of 
2 cm. and is thereafter graduated every centimeter. 
This is readily accomplished by placing the tubing 
between two meter sticks and marking the divisions 
with crucible marking ink. The glass weighing sample 
bottles B are made from 5-mm. glass tubing. Glass rod, 
which snugly fits the tubing, is selected for use as stop- 
pers. The weighing bottles hold 0.2 to 0.4 ml. of 
sample. 

The apparatus is thoroughly cleaned and assembled. 
The volume of the apparatus is found by filling it with 
water and then determining the volume of water present 
with a graduated cylinder. The apparatus is taken 
apart, and after it has been thoroughly dried, 50 to 75 
ml. of mercury are placed in the flask. Then the ap- 
paratus is reassembled. The mercury level on the 
outside of the manometer is recorded, and the appara- 
tus is placed in a pail of boiling water. The cork 
stopper at the top of R is loosely set in place. When 
the temperature becomes steady, the rubber tubing is 
removed and the outlet O is wiped dry. A sample of 
known weight (0.18 to 0.30 g.), contained in the weigh- 
ing bottle, is dropped through the opening, and this 
in turn is immediately and firmly closed with the 
rubber stopper S. When the manometer remains 
steady, the pressure is recorded and likewise the tem- 
perature. Successive determinations can be made with- 
out taking the apparatus apart, but it is advisable to 
sweep out the vapors with a stream of dry air which is 
led in through the top of the manometer before starting 
the new determination. 

The molecular weight is calculated by substituting 


the data in the formula PV =-£_RT. The vapor 


occupies the volume V which is the initial volume of 
the flask minus the volume of mercury added. The 
volume occupied by the glass weighing bottle should 
also be subtracted from this volume in order to obtain 


the final volume available to the vapor. While this 
latter correction is small, it does become appreciable 
after four or five determinations have been made. 
The thermometer which is used to obtain the tempera- 
ture of the vapor need only be divided in whole de- 
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grees. It should be calibrated at the temperature of 
boiling water, for obvious reasons. The mass, g, of 
sample taken is weighed to a tenth of a milligram. The 
weighing bottle is conveniently mounted upon a cork 
placed on the balance pan. It is inadvisable to allow 
too much time to elapse between the weighing and the 
addition of sample to the apparatus, as the loss in 
weight is appreciable for volatile substances with the 
type of weighing bottle described. 

The initial reading of the manometer is probably the 
most uncertain reading which must be made. It is pos- 
sible to make a visual estimate of the position of the 
mercury in the capillary. Another method is to select 
a small section of the capillary tubing and actually 
measure the depression in the capillary. A third pro- 
cedure is to calculate the depression by applying the 
simple surface tension formula. Reasonable -ree- 
ment between all three procedures is obtained. The 


pressure in the flask is, therefore, the final height minus 
the initial height multiplied by 0.98. The correction 
factor is used to allow for the change in density of mer- 
cury at 100° and 0°C. and hence to obtain the true, 
corrected pressure. The correction for the expansion of 
the glass scale on the manometer is neglected. Ex- 
pressing the pressure in centimeters of Hg, the volume 
in cubic centimeters, the temperature in absolute de- 
grees, the mass in grams, and employing the value of 
6237 ce. X cm./°A. for R, the molecular weight M is 
obtained by substituting the above quantities in the 
general equation of state PV = 7 RT. Molecular 
d 

weights which are accurate to 5 per cent can be 
obtained. 

The author wishes to thank Mr. Harold Wilson for 
supplying the drawings. 


Out of the Editors Basket 


E RECEIVED recently an interesting ‘Digest of 
Investigations in the Teaching of Science,’’ pre- 
pared by David J. Blick, Instructor in Chemistry at 
the University of Connecticut. It contains brief 
abstracts of a large number of studies relating to the 
teaching of science, in the elementary school, the sec- 
ondary school, and the college. A large number of 
them deal with the teaching of chemistry, especially at 
the college level. We note that the majority of the 
ones concerned with college science teaching have been 
taken from THIS JOURNAL. 
e In a recent article in The Givaudanian entitled, 
“Deodorizing the air,’’ it is pointed out that numerous 
problems arising out of a desire to overcome the ob- 
jectionable odor in different buildings have been studied 
in the past, and it is expected that in the postwar world 
this will become a field of increased interest to many 
industries. 

The peculiar dank odor of air-conditioned rooms, the 
smell of fried fish or cooked cabbage in the kitchen, 
and of bad air in crowded places such as the theater, 
the nauseating odors of many industrial plants, all 
represent smells to be overcome. But the problem is 
also one of creating pleasant and appropriate frag- 
rances. A little pine perfume, for instance, should do 
wonders at Christmas time to spread Christmassy 
cheer and suggestive fragrance among the elbowing 
crowds. 

The methods for deodorizing air in buildings are 
based upon nine separate theories. They are listed as 
oxidation, alkalization, adsorption, antisepsis, wash- 
ing action, chemical combination, electrostatic pre- 
cipitation, catalysis, and reodorization. Each of these 
methods is usable for a different purpose and no one 
method is usable for all purposes. A short summary of 
each theory is given: ; 

Oxidation: This involves converting an odor of un- 


pleasant character to a pleasant or neutral one by 
oxidizing the chemical substance responsible for the 
bad odor. Typical oxidizing agents are potassium per- 
manganate, hypochlorous acid, and ozone. 

Alkalization: Alkaline reacting substances such as 
borax, ammonium carbonate, lime, and trisodium 
phosphate are frequently suggested as components of 
solid mixtures, possibly with the thought in mind that 
the unpleasant odor to be overcome is a volatile acid. 
Thus alkalies are helpful in dealing with butyric acid of 
Limburger fragrance or with caproic acid, which smells 
like a goat. 

Adsorption: Gases and vapors responsible for un- 
pleasant odors can frequently be caused to collect at 
the surface of porous materials. The three most im- 
portant adsorbents are activated carbon, activated 
alumina, and silica gel. The activation consists in 
providing these materials with a maximum surface 
area. Carbon and silica gel are often used to adsorb 
odorous gases in refrigerators and in air-conditioning 
systems. 

Antisepsis: This is based on the fact or belief that 
the unpleasant odor is generated by microorganisms 
such as bacteria, molds, or fungi. Phenol, metallic 
salts, and formaldehyde are typical examples of sub- 
stances employed to accomplish deodorization by de- 
stroying the organisms responsible for the odor. 

The germicidal action of formaldehyde depends 
also on its exceptional chemical reactivity. It repre- 
sents an intermediate stage of oxidation between methyl 
alcohol and formic acid and could therefore play the 
part of either a reducing or of an oxidizing agent. 
It combines with amines and related substances to 
form odorless compounds known as Schiff bases. 
Sometimes it acts as a methylating agent. 

Washing action: When air laden with odorous par- 
ticles is forced to traverse a solvent such as water, alco- 
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hol, glycerin, or mineral oil, the odorous particles may 
dissolve in the liquid, leaving the emergent gas odor- 
less. This is a washing or ‘“‘scrubbing”’ action. 

Chemical combination: Special cases of chemical 
combination have been mentioned as in the case of 
formaldehyde and alkalies. Many reactions which 
would take place very slowly, or not at all, under 
laboratory conditions may be realized under conditions 
of extreme dilution such as prevail where large quanti- 
ties of air are deodorized. For this reason reactions 
which strike a chemist as unlikely, or even unreason- 
able, may come to pass in actual practice. 

Electrostatic precipitation: ‘This is primarily a dust- 
removal operation, but since the dust may itself be 
odorous or may carry odorous gases by adsorption, it 
can be readily seen that electrostatic dust removal is an 
efficient way to get rid of certain odors. 

Catalysis: According to electronic chemical theory, 
catalysts are looked upon somewhat as members of a 
bucket brigade passing along the electrons (buckets) 
and thereby speeding up chemical reactions. 

Reodorization: This approach may take the form 
of overpowering an existing unpleasant odor with a 
pleasant odor; or, more subtly, it may involve utilizing 
the unpleasant odor itself in a very clever manipula- 
tion as a component part of a complex mixture, the 
total effect of which is pleasant. Sometimes a con- 
siderable number of different essential oils and odorif- 
erous chemicals are used to accomplish this. Per- 
fumed deodorants in the form of wall disseminators, 
hand sprays, and wicks have long been used. The 
successful job done in the insecticide field with aerosol 
bombs suggests that, after the war, perfumed deodo- 
rants may possibly be dissolved in Freon and sprayed 
by merely turning a nozzle. 


@ The War Production Board has authorized con- 
struction of new facilities to alleviate a serious short- 
age of anhydrous hydrofluoric acid. 

Anhydrous hydrofluoric acid is used in the manufac- 
ture of aviation gasoline and the production of Freon-12 
for refrigeration and aerosol bombs, as well as for mili- 
tary applications. 

Because of plant breakdowns and other production 
complications, the output of anhydrous hydrofluoric 
acid has not met production goals. 

Officials reported that production of hydrofluoric 
acid by eight plants during the first two quarters of 
1944 met requirements fully, but that as military re- 
quirements increased appreciably, the producing ca- 
pacity did not increase proportionately. Production 
totaled 5100 tons in the first quarter and 5700 tons in 
the second quarter, virtually all of which went to the 
armed services. When military requirements rose to 
7000 tons for the third quarter, plants were able to 
produce only 6400 tons. 

The inferior quality of fluorspar now being mined 
further aggravates the production problems of the hy- 
drofluoric acid industry. 

Although steps are being taken to improve the qual- 
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ity of the fluorspar shipped to hydrofluoric acid plants, 
the acid industry was urged by WPB to install screens 
or other mechanical devices for removing stones, bolts, 
and scrap wood, inasmuch as these materials may be 
introduced into the ore after it leaves the supplier. 


e@ In the October Educational Research Bulletin is a 
short article on “Educational acceleration” by S. L. 
Pressey, from which we quote the following, merely by 
way of starting controversy. It should be prefaced by 
explaining that the American Council on Education 
has sponsored an investigation into the effects of “‘ac- 
celerated’’ courses in our colleges. 


“Investigation of the wartime university accelerated program 
has indicated that, in general, academic standards have been 
well maintained. A considerable number of the students in en- 
gineering and medicine reported no time for leisure reading or 
exercise, a limited social life, and chronic fatigue; unfortunately, 
no pre-war data were available as to the extent of such condi- 
tions in these difficult professional curriculums before the war. 
In the other colleges, careful comparative data indicate that 
students selected as of good ability and general adjustment can 
complete four-year curriculums in three years without lowered 
academic standards (if anything, the reverse) and with reasonable 
participation in activities, and freedom from fatigue and ill 
health. But an adequate program of guidance.with reference to 
acceleration is essential if mistakes are to be avoided.. ..”’ 


e@ Another controversy may well be started by the 
following extract from the Priestley Medal Address by 
President James B. Conant, at the last September meet- 
ing of the American Chemical Society: 

“Our American universities have been plagued for at least 25 
years by two great evils: The first is their system of making 
life appointments, which so often fails to distinguish between men 
of real ability and men of medium competence; the second is the 
tendency to overburden men of real ability with undergraduate 
teaching.” 

We don’t, of course, object to the point that men 
of real ability should have every encouragement to do 
research, but we do dislike the implication that teaching 
is a job only for men of lesser ability. The reconcilia- 


’ tion of these two things has long been—and probably 


will long continue to be—a major problem in educa- 
tion. What the president of Harvard University (and 
at the same time an eminent chemist) has to say on this 
will carry weight, as it should. 

@ Westinghouse Electric and Manufacturing Com- 
pany has established within its organization a new 
Educational Department which, while not unique, is 
certainly unusual in an industrial company of its kind. 
The new department, located in Pittsburgh, Pennsyl- 
vania, will have three main divisions. The first of 
these, School Service, provides teaching aids and sci- 
ence information to all schools and educational institu- 
tions up to and through the high-school level. A second 
division, University Relations, maintains close contact 
with colleges and universities, administers the Com- 
pany’s numerous scholarships and fellowships, and 
supervises the recruiting of graduate student em- 
ployees. The training of all graduate students for 
engineering, manufacturing, sales, and other depart- 
ments of the Company is supervised by the third 
division, Student Training. 
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Here and There in the Trade Literature 


T IS not without good reason that the Monsanto 

_ Magazine (Monsanto Chemical Company, St. 
Louis, Missouri) is often considered to set a standard 
among chemical trade periodicals. In the November 
number there are several articles of real chemical in- 
terest, among others one which describes the share 
which chemistry has taken in the production of the B- 
29 bomber. 


In the October number of Pittsburgh People (Pitts- 
burgh Plate Glass Company, 632 Duquesne Way, 
Pittsburgh 22, Pennsylvania) is a short article entitled, 
“Making flat glass flatter,’ which describes the pro- 
duction of precision plate glass by this organization. 


One interesting feature in the November Merck Re- 
view (Merck & Company, Inc., Rahway, New Jersey) 
is an illustrated two-page spread on the chemistry of 
the Christmas card. 


Shell News (Shell Oil Company, 50 West 50th St., 
New York City) for October, 1944, carries an account 
of the bombing of oil plants and installations in Ger- 
many. The article contains interesting illustrations, 
and of course the Shell Company is rather intimately 
connected with this campaign. In a previous issue, 
some of the bombing of other areas was similarly de- 
scribed. 


El’chem (Electrochemicals Department of E. I. du 


Pont de Nemours & Company, Niagara Falls, New 
York) starts a new'series in the November number en- 


titled, “Adventures in chemistry.”” The first one of 
these describes an episode in chemical history, ‘‘Saint 
Vincent de Paul and the alchemist.’ It is interesting 
to note that this is taken from THis JOURNAL for Au- 
gust, 1936. 


The November number of Dyestuffs (National Ani- 


line Division, Allied Chemical & Dye Corporation, 40 
Rector St., New York City) has an interesting account 
of the “Origin of color names,” among other articles 
of interest in the dye industry. 


The November Electromet Review (Electro Metallur- 
gical Company, 30 East 42nd St., New York 17, New 
York) tells how the Ford Motor Company uses stain- 
less steel in the recovery of sulfur. 


Aminco Laboratory News (American Instrument 
Company, 8030 Georgia Ave., Silver Spring, Maryland) 
directs attention in its November number to the be- 
havior of metals at low temperatures and the use of 
low temperatures in what is now being called “cold 
treatment”’ as distinguished from ‘“‘heat treatment.” 


The recovery of fresh water from the distillation of sea 
water has now taken considerable interest. The use of 
a new self-descaling principle by which boiler tubes 
expand and contract in such a way as to remove the 
scale from their surfaces is described in vol. 7, no. 4, of 
Mechanical Topics (International Nickel Company, 
67 Wall St., New York 5, New York). 


The Milvay Notebook (Chicago Apparatus Company, 
Chicago 22, Illinois) carries in its Fall, 1944, issue an 
article of interest to high-school teachers entitled, 
“How shall we plan for postwar high-school science 
teaching?” 


Clinical Excerpts (Winthrop Chemical Company, 
170 Varick St., New York 13, New York) is a new- 
comer to our editorial desk. Vol. 18, no. 7, has an in- 
teresting account of the part that Monte Cassino and 
Salerno played in early medical history. The article 
will be interesting because of the part these places 
played in the recent news, in the military campaigns in 


Italy. 


The Alleged Poisonous Property of Polar-Bear Liver 


IN THE exciting tales related by Arctic explorers none is more 
interesting than the story of polar bear hunts. The meat of polar 
bears is described as having a more or less fishy taste and odor, 
the flesh of lean bears being of better quality than that of fat 
bears whose flesh has a pronounced fishy flavor. The liver of these 
animals is avoided where possible because of the advice of Eski- 
mos or of whalers. 

Stories are told of sailors who died as the result of eating polar- 
bear liver. Sometimes the same poisonous property is ascribed 
to seal liver. Symptoms as a consequence of eating polar-bear 
liver are said to be vertigo, diarrhea, vomiting, and frequently 
cutaneous eruption; occasionally the skin may peel to a greater 
or lesser degree. The nature of this poisonous property is still 
mysterious. 

Rodahl and Moore [Biochem. J., 37, 166-8 (1943) ] have sought 


‘an explanation for the allegedly poisonous character of polar-bear 


liver on nutritional grounds. During a recent expedition to 
northeast Greenland specimens of polar-bear liver were collected 
aid preserved in brine. At the University of Cambridge Rodahl 
aud Moore made a chemical and biological examinatiog of these 
specimens and learned they were exceedingly rich in vitamin A. 
By the SbCl; method polar-bear livers were found to contain 
from 13,000 to 18,000 units of vitamin A per gram of wet mate- 


rial. Biological assay confirmed the chemical tests, indicating a 
potency even larger in amount of approximately 25,000 units 
per gram. ‘ 

These authors claim that the vitamin’ A content in itself is 
sufficient to cause symptoms of hypervitaminosis, and state that 
the toxicity seems closely associated with the vitamin. Where 
sufficient of the liver was ingested by experimental animals, as 
the rat, skin lesions were common, associated with enteritis, 
emaciation, and pneumonia. In growing rats softening and 
fracturing of the bones resulted and in adult rats profuse and 
sudden internal hemorrhages. Attempts to concentrate the toxic 
material, if it is other than vitamin A, met with failure. An 
aqueous extract of the liver and a liver residue nearly free of 
vitamin A were both innocuous to the rats. 

The reason for such tremendou~ stores of vitamin A in the 
liver of polar bears is unknown. Probably most of it is in the 
form of preformed vitamin rather than as carotene (provitamin 
A), because the diet of polar bears is rich in preformed vitamin A. 
Their diet is said to be mainly seals, walruses, and fish, with some 
atctic vegetation. If the immense quantities of vitamin A in- 
gested in this manner are not excreted normally, the possibility 
exists that much of it may be stored in the liver — Nutritional 
Observatory, 5, 43 (1944). 





The Program 
of the United States Armed Forces Institute’ 


LIEUTENANT COLONEL HERBERT G. ESPY 


Information and Education Division, Army Service Forces 


HE United States Armed Forces Institute was es- 

tablished in April, 1942. It was intended to provide 
for enlisted men in ‘the Army suitable opportunities 
to continue school careers interrupted by war, to under- 
take special studies to increase their efficiency as sol- 
diers, to maintain those personal interests which would 
help them later to assume their responsibilities as citi- 
zens. 

In the beginning the Army Institute, as it was then 
called, was merely a correspondence school of a type 
which had long demonstrated its usefulness in this 
country’s military services. Its offering included 64 
courses in subjects having obvious usefulness for mili- 
tary men—mathematics, applied science, and technical 
courses for the most part. In addition it helped men 
to enroll for hundreds of regularextensioncorrespondence 
courses offered by some 80 colleges and universities 
cooperating with the Institute. Since that time, the 
Institute’s services have so expanded and developed as 
to merit the full attention of civilian educational leaders. 

The Institute was first established because research 
studies of the desires of enlisted men showed that they 
earnestly wanted to use some of their time for study. 
Those who had received the most schooling were those 
who desired more—and who were most likely to be dis- 
content if educational opportunities were withheld 
from them. 

Some military men reacted to this demand with a 
certain amount of misgiving. They feared that it might 
be dangerous to meet the strong interest in education. 
They believed that men given the opportunity to use 
their off-duty time for study might be distracted from 
the urgent necessity of learning to be soldiers. These 
anxieties were, however, soon dispelled. Soldiers given 
the free opportunity to study subjects of their choice 
showed their overwhelming preference for subjects 
which would help them meet the challenge of their mili- 
tary duties. Month by month as the Institute’s en- 
rollment mounted, at first slowly and then more rap- 
idly, the figures showed that the courses the men were 
seeking in largest numbers—arithmetic, clerical train- 
ing, technical subjects—were those which their own 
commanding officers would probably have recom- 
mended. 

Although the Institute was developed to meet the 
personal needs of young soldiers, and although its mere 


1 Presented before the Division of Chemical Education of the 
American Chemical Society, 108th Meeting, New York City, 
September 12, 1944. 


existence gives recognition to the soldier’s sense of per- 
sonal worth, many of the Institute’s problems have | 
been physical. In the beginning there was the task of 
setting up facilities for handling correspondence 
courses promptly, so that men might use them on the 
farthest islands of the distant seas. Since that time 
numerous branches have been set up in all the oversea 
theaters of operation. Even in these now conveniently 
located branches the major problems continue to be 
problems of physical supply. In several of the branches 
the demand for USAFI courses is so great as simply to 
exceed the available supplies of course materials. These 
problems of supply persist in spite of the fact that the 
main branch of the Institute is purchasing and shipping 
materials as rapidly as today’s limited supply of man- 
power permits. 

Why is there such strong demand for USAFI courses? 
Are they more interesting than other courses? Are 
they materially superior to courses offered in other 
schools? The answer is simple. Many a man in the 
Army wants to study, perchance because he is so situ- 
ated that he can find no more profitable use of his own 
leisure time. Particularly if he is remotely located, far 
from other means of pleasant occupations of leisure 
time he may be keenly desirous of opportunities for 
study. 

He is so gratified with a course in a subject which in- 
terests him that he is often not very critical of its 
quality. Actually, some of the Institute’s courses are 
not of superlative quality. They are the best courses 
which are available, and the Institute’s editorial staff 
of civilian experts are continually alert to find the best 
possible texts and course materials. Many of the 
country’s outstanding colleges and universities have 
been most generous in making available the cream of 
their courses for incorporation in the USAFI offerings. 
The fact remains, however, that some of the Institute’s 
courses are in no wise extraordinary in quality. But 
the Institute acts on the belief that it is better to give 
its students the best available courses in subjects they 
want to study than to offer them better courses in sub- 
jects they do not wish to study. 

It must be remembered that the members of the 
armed services have a very great variety of interests 
and that as individuals they are presently not free to 
attend the schools of their own choice. The Institute 
is therefore under obligation to be generous in the range 
of subjects which it offers and not too conservative in 
its conceptions of what is suitable for its students. It 
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provides correspondence courses and texts to men who 
wish to study subjects like refrigeration, Diesel engines, 
or machine shop practice. Many enrollees for such 
courses do have some opportunity for experience in the 
field with the equipment their courses cover, but there 
are some who undertake this work without anything 
resembling the shop or laboratory practice which 
would be helpful to them. The vast majority of USAFI 
students show their good judgment by enrolling for 
study in courses in which correspondence study and the 
use of good textbooks are effective. It is indeed no 
mere accident that USAFI’s most popular courses are 
fields like mathematics, bookkeeping and accounting, 
English grammar, and American history. 

It should be pointed out also that for the most part 
there is nothing novel about USAFI courses. The texts 
selected for use are ordinarily those which are widely 
established in civilian use and strongly recommended 
by many civilian experts. They are typical of the most 
successful products of America’s educational publish- 
ers, who incidentally have given to USAFI a very high 
level of cooperation. But there will not be found among 
them any to make glad the hearts of educational pro- 
gressives or innovators. This middle-of-the-road prac- 
tice rests on no arbitrary policy of the War Depart- 
ment. It rises from the necessities of the war. The 
simplest way of meeting the educational interests of 
young people in the Army is to obtain for them the 
kinds of materials which have won wide acceptance in 
civilian use. An Army, moreover, is not well situated 
to make sound innovations in the general education of 
young citizens. 

For the sake of accuracy, there should perhaps be 
mention of at least two fields in which the Army Infor- 
mation and Education Division has developed definite 
innovations in teaching practice. Because of the wide- 
spread demand for courses which would actually teach 
a soldier to speak a foreign language, the Army found 
it necessary to utilize the most up-to-date contribu- 
tions of America’s linguistic scientists in the develop- 
ment of a new system of teaching spoken languages. 
Not only do the Army’s language courses teach a man 
to speak the language, they are also self-teaching, that 
is, they do not require the services of a skilled teacher. 
The Institute Editorial Staff has developed many 
other self-teaching courses which are proving to be 
most useful even in locally organized off-duty classes 
in Army posts and in the Navy’s educational service 
centers throughout the world. Not even the best self- 
teaching course is properly comparable to instruction 
under a good teacher, but the wide use of self-teaching 
courses does give many a soldier a chance to study 
what he is interested in studying. The Institute now 
offers its students some 200 correspondence courses in 
high-school, technical, and college subjects as well as 
a large number of texts for class use. These courses 
are all regular USAFI courses conveniently available 
to armed forces personnel throughout the world. For 
those individuals who have convenient access to regu- 
lar mail service, the USAFI also recommends to its 


students some 700 high-school and college courses 
offered by the more than 80 cooperating colleges and 
universities with which it has special arrangements. 

Its courses are without doubt its most important 
service to all students, but no less important from the 
standpoint of civilian educators is the USAFI program 
of accreditation service. Remembering the unhappy 
results of the ‘“‘blanket credit’ policy which so many 
colleges followed after the close of World War I and 
foreseeing the need of an adequate accreditation service 
for service personnel in the present war, the USAFI 
civilian advisory committee has devoted many months 
of study and work to the development of sound policies 
and procedures for the Institute. The Committee has 
sought and had the active cooperation of the country’s 
leading national and regional accrediting associations 
of high schools and colleges. Acting on the recom- 
mendations of all of these organizations and with the 
interest and advice of many educational institutions 
and individuals, the Institute has developed a very 
complete program of accreditation service. This serv- 
ice will have dual benefits. It will help the service man 
to present reliable evidence of his educational develop- 
ment and achievement while in service. It will help 
the educational institution to obtain reliable evidence 
of educational achievement and to interpret it properly. 

There are two important aspects of this accreditation 
program: The use of special accreditation examinations 
developed by the USAFI Examinations Staff and the 
provision of standardized application forms on which 
individuals applying for school and college credit are 
required to present such information as can be properly 
interpreted by the colleges. 

Perhaps it should be stated at the outset that the 
USAFI accreditation examinations are as thorough and 
as dependable as it is possible to make them. They 
are prepared by experts with the consultation and ap- 
proval of competent subject-matter experts. (For ex- 
ample, examinations in chemistry have been developed 
with the very close cooperation and approval of the 
Committee on Examinations and Tests of the Division 
of Chemical Education of the American Chemical As- . 
sociation.?) Once the examinations have been completed 
by the Examination Staff and approved by experts in 
the subject-matter field, they are standardized by 
being administered to typical student populations in 
representative schools. The norms thus produced pro- 
vide a standard against which the test scores of military 
personnel can be checked. From the standpoint of 
service personnel these tests are of the utmost import- 
ance. They give the capable individual an opportunity 
to present meaningful evidence of his achievement and 
they enable the officers of schools and colleges to avoid 
giving unwisely generous recognition to others whose 
lack of proper background or ability only dooms them 
to discouragement or failure if they are admitted to 
advanced standing. 

It should be borne in mind also that the USAFI ac- 
creditation examinations are of two types—tests of 

2 See THIS JOURNAL, 21, 386 and 507 (1944). 





General Educational Development and tests in the 
usual school and college level subject fields. The 
G. E. D. Tests will be particularly suitable for use in 
the case of individuals whose schooling has been long 
interrupted and whose educational development has 
probably increased considerably beyond the level at 
which they left off their schooling. It has gratified 
Education Officers to observe that many a mature man 
who takes a G. E. D. Test is amazed and pleased to 
learn that his work, his reading, and his informal ex- 
periences in everyday life have given him a general 
level of educational competence and maturity far above 
that which he had attained when he left school. It is 
of the utmost importance that educators recognize the 
potentialities and the practical dependability of the 
G. E. D. Test. It provides a standard measure for 
assessing the readiness of aspirants for adult education; 
it indicates the general grade level at which a returning 
veteran should be readmitted to school or college. 
These facts should be brought persistently to the at- 
tention of school and college admission officers, particu- 
larly those in the more backward institutions. 


In addition to the USAFI G. E. D. Tests which in- 


dicate an individual’s general level of educational com- 
petence and which should be the primary concern of 
general admission officers in the colleges, the USAFI 
program provides suitably standardized tests in the sub- 
jects in which there are substantial enrollments in civil- 
ian institutions and in which the curriculum content is 
well enough standardized to permit establishment of 
adequate norms. The USAFI subject tests will be par- 
ticularly useful to authorities in specialized depart- 
ments who must determine to what degree an individ- 
ual veteran meets the department’s special require- 
ments. In this case particularly the department will 
probably prefer to judge a man’s performance on the 
tests in direct comparison with the performance of its 
own students or trainees. In other words, the ad- 
mission or placement of an individual in a college must 
be based on his prospects of success in that particular 
college, and not so much in relation to his prospects of 
success in any one of hundreds of colleges throughout 
the country. 

In order to facilitate such use of the tests, and-in 
recognition of the traditional propensity of college 
faculties to set their own standards, the USAFI has 
done everything possible to make the tests suitably 
available. Specifically, arrangements have been made 
whereby the American Council on Education publishes 
and distributes torecognized educational institutions the 
USAFI accreditation tests. Tests thus obtained by 
the colleges can be given to enough students to estab- 
lish local standards of achievement and they can be 
given conveniently to returning veterans who seek 
evaluation of their educational status and educational 
counsel regarding their plans for further education. 

The USAFI does, of course, administer its test on 
request to individuals while they are in the service. 
This service is provided primarily to help the individual 
who must immediately establish his educational status 
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in order to qualify for special training within the 
armed forces. In other cases, the best place and the 
most convenient place for administration of the tests is 
at the college or university which is considering his 
acceptability and advising him about his educational 
program. 

Even the best possible accreditation tests, used to the 
best possible advantage, do not wholly cover all as. 
pects of accreditation service. A wise admission officer 
will wish to take into account also aspects of personal 
background and individual educational objectives which 
are not ordinarily revealed through pencil and paper 
tests. The educator needs detailed information about a 
man’s former civilian education, about his military 
training and experience, his job assignments in the 
armed forces, his off-duty educational work while in 
service and, perhaps, his opportunities for intensified 
education during the period when he may have been 
looking forward to separation from the service. More- 
over, the admission officer and his academic colleagues 
wish to be able to interpret these facts reliably. 

To meet these needs the Institute has collaborated 
with the American Council on Education, the Ameri- 
can Association of Secondary School Administrators, 
and other leading educational organizations in the pro- 
vision of adequate and convenient channels through 
which the individual service man and his chosen school 
or college may determine his educational status and 
plan his further education. 

One major problem for the schools and colleges arises 
from their lack of precise and complete information 
about the training courses in the armed services and 
about the service occupations at which they are aimed. 
Because these courses are so numerous, because their 
titles so unfamiliar, because their time schedules are so 
variable, they are enough to baffle even the most per- 
ceiving educator. He has had no way of knowing how 
to evaluate such subjects as ‘‘fire control,” ‘‘balloon 
handling,” or chemical warfare. He suspects that some 
of them are not exactly comparable to the courses in his 
own institution and doubts whether all of them are ap- 
propriately tested by standardized tests. Even if he 
knows the content and scope of a service training 
course, the college admission officer lacks precedent to 
guide him in assigning credits to it. To lessen these 
difficulties, the American Council on Education is now 
preparing a handbook for use by schools and colleges. 
This handbook is designed to describe the salient fea- 
tures of service training courses, and to help educators 
to evaluate them in relation to their own curricula and 
their own educational standards. The four military 
services are lending all possible assistance to the Ameri- 
can Council by supplying accurate, official descriptions 
of service courses. It is hoped that the handbook will 
enable educators confidently and properly to evaluate 
any service training course reported on a service man’s 
record of educational achievement. 

The handbook would be of little value alone. It must 
be complemented by accurate and complete records 
concerning individuals who apply for credit. In order 
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to help the service man who seeks academic recognition 
of his achievement, the USAFI has developed a very 
complete standard accreditation form. On it there can 
be recorded the most significant elements of his civilian 
educational background, his service training and occu- 
pations, his plans for further education. This form, 
which is certified by an officer and which is sent directly 
to the school or college concerned, has been developed 
in full accordance with the USAFI principles which have 
already been so generally accepted by educational in- 
stitutions. In brief, the report provides all possible 
information and offers the assistance of USAFI in ad- 
ministering examinations which may be required. 
Moreover, it emphasizes the responsibility of civilian 
educational institutions themselves to determine their 
own awards of academic credit and cautions others 
against undertaking to dictate or to recommend to 
them what their credit award should be. 

The American Council handbook and the USAFI 
accreditation service together go a long way toward 
solving the accreditation problems in the educational 
institution. There can be not the slightest excuse for 
any school or college to indulge in a repetition of the 
unsavory ‘‘blanket credit’’ practices after the last war. 

But there is a very important essential still to be pro- 
vided. There must, of course, be adequate means 
whereby educators can learn what they need to know 
about the persons who seek their credit. It is, however, 
no less important that service personnel may learn 
about the educational opportunities which will be 
ready for them and about the requirements which they 
must meet to avail themselves of these opportunities. 
It must be remembered that there are now in the serv- 
ices most of the young men who would otherwise have 
gone from high school to college, that they have been 
cut off from the contacts through which they would 
normally have been learning at least a little about what 
schools and colleges have to offer them. Very active 
steps are now being taken to set up effective channels 
through which men and women in service may obtain 
up-to-date and accurate facts about civilian opportuni- 


ties for education and training. This is in many ways 
the most difficult part of the task. It is made difficult 
in part by the fact that many schools have decided to 
postpone as long as possible any definite planning of 
their own postwar programs. It is obviously hindered 
also by the fact that so many young men are so remote 
and so mobile as to hinder communication with them. 
The USAFI will, however, do all it can to bring to the 
attention of interested service men the facts they need 
to help them plan suitably for the part-time continu- 
ance of their education while in service or the resump- 
tion of their schooling after their war service. Reputa- 
ble educational institutions which are developing edu- 
cational programs of interest to men and women in the 
Arimy and which undertake to bring them to the atten- 
tion of service personnel should bring this to the atten- 
tion of the Army Information and Education Division, 
which directs the program of the USAFI and which 
channels information through USAFI Branches over- 
seas to Education Officers around the world. 

Those Americans who are old enough to remember 
the educational problems which arose at the end of the 
last war, both while men waited in France to come home 
and after they returned home, are naturally concerned 
about similar problems which may arise again. The 
scope and complexity of this war hinder direct com- 
parisons with the first World War. 

To indicate now the time and shape of a post-hostili- 
ties educational program would be as inappropriate 
as to try to indicate now the time and manner of the 
end of the war itself. Just as the Army must as far as 
possible be ready for any eventualities, the Army edu- 
cation program has been developed so as to be ready to 
meet situations as they arise. Indeed any education 
program which has been forced to develop the materials 
and the organization to serve the unexpected and par- 
ticular needs of individuals and the mass needs of 
troops, to minister to men in the emergencies of combat 
as well as to those who work and wait on the alert for 
months on isolated outposts has most of the resources 
needed to meet the demands of the future. 





e Tomorrow’s world will be a strange but practical 
place in which to live, in the view of 40 youthful scien- 
tists who are the authors of “Scientists of Tomorrow,”’ 
recently published and obtainable from Science Service, 
1719 N St., N. W., Washington, D. C. 

Through the eyes of these youngsters—finalists in 
the third annual Science Talent Search—the world of 
the future will be a planet on which: 

Armies will employ a mystic invisible light to ascer- 
tain the position of their enemies at night. 

Use of flammable materials, such as were the cause 
oi the Hartford circus holocaust, will be considered bar- 
barisms. ‘ 

Our Western desert lands will blossom with produc- 
tive plants and ocean liners will be equipped with their 


own fresh garden vegetables through a type of garden- 
ing known as soilless culture. 

Fresh fruits stored for a year or longer—especially 
apples—will taste as fresh as though they had just 
dropped from the trees. 

That modern genie, the atom, will be tapped to re- 
lease its untold energy into power which man can put 
to a thousand and one uses. 

Pleasure boats of synthetic resin-bonded plywood 
will have cabins of molded plastic and sails of nylon. 

The 40 authors—ranging in age from 14 to 18 and 
averaging 16 years, 9 months at the conclusion of the 
scholarship competition—were selected from among 
15,000 high-school seniors who competed for Westing- 
house Science Scholarships. 





How the Naval Academy 
Looks at the Question of Chemical Education’ 


COMMANDER H. E. REDEKER, U.S.N.R. 
United States Naval Academy, Annapolis, Maryland 


E at the Naval Academy had no part in planning 

the courses in chemistry for the various Navy 
college training programs. They originated in the 
Training Division of the Bureau of Naval Personnel. 
It is believed that the plan of operation is a good one, 
particularly in that details are left to the college con- 
cerned. This allows freedom of action in fitting the 
chemistry courses into the college schedule. Too often 
military supervision and regulation extend down to 
minor details of subject content. The inevitable result 
is that initiative and enthusiasm are stifled, the course 
becomes static and is unable to keep pace with the 
rapidly changing aspects of a science geared to wartime 
developments. 

The course in chemistry at the United States Naval 
Academy is planned to fit into the mission of the 
Academy: (1) to furnish a broad background of funda- 
mentals in the basic sciences; and (2) to train the 
midshipman to become a capable young line officer in 
the United States Navy. 

All candidates are required to complete the equiva- 
lent of a high-school course in chemistry. Thirty to 
forty per cent of the Fourth or ‘‘Plebe” Class are ad- 
mitted by the regular examination method, which in- 
cludes chemistry as one of the examination subjects. 
The remainder of the class enter by various types of 
certification. The entrance examination is of the 
objective and problem type. 

The organization and operation of the Academy are 
unique. It is one of the few institutions of higher learn- 
ing which during wartime has maintained and strength- 
ened its instructional staff and nearly doubled its regu- 
lar enrgliment. A Superintendent, who is a Rear 
Admiral of the Navy, corresponds to a college president. 
The Commandant of Midshipmen, a Captain of the 
Navy, corresponds to the college dean of men. Cap- 
tains of the Navy are heads of the Departments of 
English, History and Government, Mathematics, 
Foregn Languages, Electrical Engineering, Marine 
and Steam Engineering, Ordnance and Gunnery, and 
Seamanship and Navigation. Heads of departments 
are chosen on the basis of previous experience in the 
field of education. In each department there is an 
executive officer who generally is a Commander of the 
Navy. 

The Department of Electrical Engineering is organ- 


1 Presented before the Division of Chemical Education of the 
American Chemical Society, 108th meeting, New York City, 
September 12, 1944. 
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ized as follows: The First Class or Electricity Com- 
mittee teaches alternating current and radio. The 
Second Class Committee teaches direct current electri- 
city.2. The Third Class or Physics Committee teaches 
physics, while the Fourth Class Committee teaches 
chemistry. At present the heads of these committees 
are Commanders of the Navy (retired), or of the 
Naval Reserve. 

The Chemistry Committee consists of 22 instructors 
and one committee head. The instructors comprise 
one Regular Nuval Officer (Academy graduate), 19 
Reserve Officers, and 2 civilian instructors. The 22 
Nonregulars are college graduates with majors in 
chemistry. Eight of these are experienced instruc- 
tors with Ph.D. degrees. Previous to the emergency 
all chemistry instructors except one civilian professor 
were Regular Officers of the Navy. Postwar plans call 
for the retention of a substantial number of experi- 
enced chemistry instructors. 

This year’s class of 1070 ‘‘Plebes’’ is divided into 80 
sections of 12 to 16 members. Each instructor meets 
four of these sections three times per week in a one- 
hour recitation, and once in a two-hour laboratory 
period. A lecture replaces one recitation period for 
nine of the twenty-week Academy chemistry courses. 
The study-recitation method of instruction is used. 
Daily examinations are held in the section rooms. 
The instructor grades his own papers. This is because 
the Academy scheme of education is based upon per- 
sonal contact of instructor with midshipmen. 

Lessons are planned and assigned a quarter to a year 
in advance. A page from the Fall Term, 1944~1945, 
chemistry assignment is illustrated. The instructor 
in the civilian college can learn much from this system 
of lesson assignment. With proper attention devoted 
to assignments the system works well and permits origi- 
nality in instruction. It forces long-time planning in 
subject content, purchase of equipment, and other 
details. The competitive system of rating midsh., men 
involves much detail and paper work. New instruc- 
tors frequently do not see the necessity of all this work. 

The textbook is literally the midshipman’s ‘‘Bible,” 
and is to be taken as the subject authority unless 
‘“‘word is passed to all hands’’ concerning any deviation 
therefrom. Thus, all instructors must meet on a com- 
mon ground in presentation of theory and the solution 
of problems. This is a difficult task with schools of 


2 This work"is being absorbed by the other three committees 
during the emergency. 
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chemical thought represented from many of the leading 
@ universities of the country. 


UNITED STATES NAVAL ACADEMY 
Annapolis, Maryland 
DEPARTMENT OF ELECTRICAL ENGINEERING 
CHEMISTRY 


Lesson Assignment Sheet Fourth Class (’48) 


Fall Term, 1944 


The text to be used in this course is the fifth edition of Deming’s 
“General Chemistry,” and Department ‘‘Supplement of Ques- 
tions and Problems.” 

In preparation for recitation, midshipmen should study care- 
fully the text assigned and then solve the problems listed. 

Paragraphs listed below are inclusive. 

Review questions on previous assignments will be asked in the 
daily quiz. 

Bring textbook, laboratory manual, and slide rule to all recita- 
tions and laboratory periods. 

Problems are from the same chapter as the assignment. 





Week 


Begin- 
Problems 


5, 13, 23, 31, 
33, 35 


Assignment 


(11-24) 


Topic 





Properties of Matter C-2 


(25-30) 
(31-42) 


Laws of Chemical Change /[C-3 1, 2, 5, 10, 16 
Symbols, Formulas, Equa- |C-4 1, 3, 13, 18, 32 


tions 





(43-51) 
(52-60) 


Oxygen 5 
6 
6 (61-65) 
7 
7 
7 


Combustion 
Applications of Combustion 


- 5, 6, 11, 14 

~ 5, 11 

10, 17, 20, 27 
4,7, 10, 12,13 
19, 27, 30,36 

35, 38, 39, 41 





(66-74) 
(75-82) 
Review 
(66-82) 


(85-101) 


Cc 
Cc 
Cu 
General Properties of Gases |C- 
Charles’ and Boyle’s Laws /|C- 
Lecture: Molecular Theory /|C- 





2, 7, 10, 24 
24A, 28 

2, 8, 13, 20 

24, 25, 37, 39 


10 |The Atmosphere 


9 (102-113) 
9 (114-122) 














c- 
11 |Water and Solutions C- 
12 |The Chemistry of Water C- 





In 1943 50 per cent of the ‘‘plebes” came to the Acad- 
emy with one or more years of training in college 
chemistry. This year’s percentage will be reduced 
slightly since the V-12 transfers do not take chemistry 
until their second college year. The problem of hold- 
ing the interest of the better-prepared student is a 
perplexing one. At present he is given an opportunity 
to work more difficult assignments than the less- 
advanced student. When the four-year plan replaces 
the accelerated three-year scheme of operation, there 
will be a segregation of the capable from the retarded 
students. : 

Care is taken to avoid duplication of the usual high- 
school and college chemistry courses. An example will 
illustrate this point. Ammonia gas is prepared and 
liquefied by means of dry ice, and the boiling point is 


31 


noted. The midshipman is briefly introduced to the 
ammonia system of compounds by the addition of a 
small amount of metallic sodium. There is nothing 
new in this procedure, but to the midshipman the ap- 
proach is different, and interest is aroused and held. 

The beginner in the usual college chemistry course is 
told that a foundation in basic principles is the best 
preparation for the solution of any chemical problem 
that may arise. These principles are illustrated and 
proved by classical experiments having little or no 
direct relation to the professional life of a naval officer. 
At the Naval Academy iron oxide and storage battery 
lead dioxide replace manganese dioxide in the prepara- 
tion of oxygen and chlorine, respectively. These ex- 
amples illustrate the reorganization of chemical in- 
struction now taking place in the Academy chemistry 
course. 

Experience under wartime conditions makes it neces- 
sary to give prominence to principles formerly con- 
sidered of little importance. Likewise, old material is 
being discarded. The 1944 edition of a standard text 
is used which contains about a 70-30 ratio of theory 
and practical applications. The latter are supple- 
mented by information obtained from various Naval 
sources. 

Much credit is due Commander P. Y. Jackson, 
U.S.N.R., Lieutenant (jg) C. E. Sunderlin, U.S.N.R., 
instructor O. L. I. Brown, and other members of the 
Chemistry Committee for the reorganization of the 
laboratory work. 

Problems deal chiefly with volumetric relations as 
applied to water analysis; gas volumes as related 
to combustion; and particularly weight and volume 
aspects of explosions. Calculations are based upon 
the number of moles of material involved. Weight 
relations, Charles’ and Boyle’s laws, and heats of reac- 
tion are introduced as aids to the solution of explo- 
sion problems. The foregoing principles are incorpo- 
rated in a problem supplement written by Lieutenants 
R. G. Paquette and H. H. Baker, U.S.N.R. 

The explosion problems and other phases of the 
course serve as basic fundamentals for the professional 
departments of Marine and Steam Engineering, and 
Ordnance. 

We as teachers have a special mission in acquainting 
the young naval officer with the important role played 
by chemistry in the operation and maintenance of a 
modern Navy. Not many years hence this same 
officer will be making decisions of both military and 
technical natures. It is our responsibility and privilege 
to furnish the chemical background for these deci- 
sions. 





e As an answer to the problem of adequately training 
engineers for the leadership they will eventually assume, 
Cornell University will require five years instead of the 
conventional four for a bachelor’s degree in all branches 
of engineering after the war. ‘ 

The develcpments cf science demand a sound tech- 


nical training. Any reduction in this area would 
weaken a graduate’s knowledge for carrying forward the 
advances of science. Various studies made by those 
interested in the engineering profession have always 
indicated the need for broader training. By taking 
more time the program can achieve this objective. 





The Application of Electronic Theories 
to the Teaching of Organic Chemistry 


G. H. STEMPEL, JR. 


Carnegie Institute of Technology, Pittsburgh, Pennsylvania 


NTIL a very few years ago, the student of elemen- charge than either methyl carbon in ethane. It should 
tary organic chemistry was faced with the task of be noticed that no change in the number of binding 
learning by rote a large number of facts which seemingly electrons is involved. This change in charge density 
were unrelated. Today electronic theories have pro- brought about by the presence of various atoms is an 
gressed sufficiently that it is now possible to show, ina inductive effect and produces a permanent change in 
qualitative way, that the reactions of a given group, the molecule. The inductive effect decreases rapidly 
many of which at first glance appear to be unlike, all as it is transmitted from one carbon to another across 
owe their existence to the same distribution of electrical single bonds and is negligible after passing through two 
charges in and near that group. These theories have single bonds. Multiple bonds transmit the effect much 
become a powerful tool for explaining organic reactions better than single bonds. 
and for correlating and interpreting the mass of empiri- A second way in which a charge may be transferred 
cal experimental detail concerning organic compounds. to a given atom is known as the electromeric effect. 
It is the purpose of this discussion to show how the This is a temporary effect and involves the complete 
electronic theories may be applied to give reasonable transfer of a pair of electrons from a multiple bond to 
explanations, comprehendible by the novice, of some one or the other of the atoms joined by the bond and 
of the simpler organic reactions. causes an actual change in covalence to occur. The 
In order to understand some of the underlying effect is initiated by the electrical requirements of the 
principles, let us consider the electron distribution in ion or molecule about to react with the carbon in ques- 
two typical organic molecules, ethane and acetalde- tion and is therefore in operation only at the instant of 
hyde, whose electronic structures are: reaction. For example, acetaldehyde at the moment 
HH H of reaction with a nucleophilic, or electron-donating, 
H:C:C:H H:€:C::0 molecule probably has the electronic structure: 


HH HH 
Ethane Acetaldehyde 


ial 
H:C:C:0: 
In each, all the atoms have high electron affinities and HH 
tend to draw electrons to them with the result that these 
attractions of different atoms for the same electrons where the oxygen has assumed complete control of one 
serve to hold the atoms together much as the attraction of the pairs of electrons from the carbon-oxygen double 
of two separate pieces of wood for the same layer of bond. This state of the molecule results from the re- 
glue serves to hold the two pieces of wood together. pulsion of electrons by the nucleophilic molecule as it j 
Because each of the two carbons in ethane has three approaches the initially positive carbonyl carbon and 
hydrogens and a methyl group attached to it, it is results in a facilitation of the reaction through the 
reasonable to believe that the total amount of negative creation of an even larger positive charge on this carbon. 
charge furnished each carbon by the binding pairs will Other examples of the electromeric effect are to be 
be the same, and that as a result the net charges on found in the substitution reactions of benzene. Ben- 
these atoms will be identical. The situation in the case zene has three polarizable double bonds which may, 
of acetaldehyde is quite different. Oxygen hasahigher under the influence of an electrophilic, or electron- 
affinity for electrons and will therefore assume a larger seeking, reagent, supply negative charge to its carbons 
share of the binding electrons. Consequently, the car- by means of the electromeric effect. It is not surpris- 
bon attached to the oxygen, having lost negative charge ing, therefore, that aromatic hydrocarbons display en- 
to the oxygen, will have a higher positive charge than hanced reactivity with such electron-seeking reagents 
the other carbon. This in turn will cause the carbonyl as HNO3;, H2SOu,, and Br2, and in this way the relative 
carbon to assume a larger share of the electrons which ease with which substitution reactions of benzene pro- 
bind it to the carbon of the methyl group. Asaresult ceed is accounted for. As a specific example, consider 
of this loss of negative charge to the carbonyl carbon, the bromination of benzene. The electrophilic bromine 
the methyl carbon in acetaldehyde has a higher positive atom approaching the benzene molecule causes electrons 

1 Presented before the Division of Chemical Education of the to: be withdrasen deem hai oF tie double hours to & 
American Chemical Society, 108th meeting, New York City, carbon nearest the bromine. Hence, just at the tine 
September 13, 1944. of reaction the benzene appears thus: 
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fi 
H 


Tke bromine then attaches itself to the electron pair 
and the resulting complex loses a molecule of HBr to 
give bromobenzene. 

There is a third way in which the amount of charge 
on atoms in an organic molecule may become increased. 
It has been shown that the experimentally determined 
heats of combustion of certain substances are much 
smaller than those calculated from bond energies. The 
formulas of such substances generally reveal that there 
may exist electronic isomers which fulfill the two stipu- 
lations that the number of unshared electrons is the 
same and that the two isomers do not differ too much 
in energy content. In fact, the closer alike such iso- 
mers are, the greater is the increase in stability of the 
substance in question as determined from thermal data. 
An example of a substance having such isomers is the 
ion of the carboxylic acid. Using formate ion as the 
example the isomers are: 


:0: :0: 
H:C::0 and H:C:0:- 


which apparently must have the same energy content 
because they are identical. These are termed reso- 
nance isomersand it is believed thatin sucha caseneither 
formula represents the true electronic state, but that 
this state is a hybrid of the two electronic isomers. 
The net result is that the negative charge is shared be- 
tween the oxygens equally and neither oxygen has as 
much charge as it would have were it linked by a single 
electron pair to the carbon. This reduced negative 
charge accounts for the lowered attraction of the oxygen 
for protons and hence the acidity of the carboxyl group. 
Resonance, like the inductive effect, produces a perma- 
nent .change in the molecule. 

The resonance effect has been successfully applied to 
explain the directive influence of groups in the benzene 
ring. Enough has been written coneerning these ap- 
plications so that one example will suffice here. An 
ele ctron-seeking substituted atom in benzene should 
draw electrons away from the ortho carbon and cause 
the negative charge on the meta carbon to be increased: 


SO;sH 
t 
Me’ 
S) 


Such groups as —SO3;H and —NO); do exactly this and 
render the meta position vulnerable to attack by elec- 
tron-seeking reagents. On the other hand, hydroxyl, 
amino, and halogen, al] of which have high affinities for 
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electrons, actually supply charge to the ring. This is 
explained by resonance, the isomers being: 


where X is halogen, amino, or hydroxyl, and it is seen 
that negative charge is accumulated on the ortho and 
para carbons. 

There are two important ways in which the creation 
of regions of positive and negative electricity may affect 
chemical reactions. First of all, it is apparent that an 
electron-seeking reagent will most likely attack that 
part of the molecule which has the highest negative 
charge density; and vice versa. It appears that a 
very small excess of positive or negative charge upon a 
given carbon is sufficient to enable reaction to take 
place at that carbon. The second effect results from 
the weakening of bonds within a molecule by electron 
shifts. The equilibri:m positions of the atoms and 


binding electrons in the molecule A : B: are determined 


by two opposing factors: (1) The attraction of A and 
B for electrons; and (2) the repulsion of the positive 
kernels of A and B for one another. If an electron- 
attracting atom C is attached to B, it will tend to cause 
the electrons binding A and B to be drawn closer to B 
with the result that, since the repulsion of the kernels 
of A and B opposes the movement of A toward B, the 
electrons are moved away from A: 


== “ge 


he. ae 


Recalling that the attractive force between opposite 
charges is inversely proportional to a power of the dis- 
tance between them, it follows that the bond between 
A and the binding electrons is decreased and the mole- 
cule is made more susceptible to reactions which require 
scission of the molecule in such a way that the binding 
electrons remain with B. This effect is illustrated by 
the fact that the attachment of any electron-seeking 
atom to a carbon increases the acidity of the hydrogens 
attached to that carbon as well as the acidity of those 
attached to the adjacent atom. 

For the purpose of illustrating the way in which in- 
ductive, electromeric, and resonance effects may be 
correlated with chemical properties, five types of reac- 
tions will be discussed briefly. They are the'substitu- 
tion reactions of paraffins, addition to olefin bonds, 
reactions of alcohols in which the hydroxyl group is*re- 
placed or lost,. the reactions of a-carbons in carbonyl 
compounds, and the electrophilic reactions of the car- 
bonyl group. 

It is well known that hydrogens attached to tertiary 
carbons of paraffins are more readily replaced by halo- 
gen, nitro, or sulfonic acid groups than those attached 
to primary or secondary carbons. The reagents which 
bring about these replacements are all oxidizing agents, 
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or electron-seeking substances, and it is reasonable to 
believe that such reagents will attack regions of rela- 
tively high electron density. Now it appears that 
hydrogen has a greater affinity for electrons than an 
alkyl group and, as a result, in a molecule which con- 
tains a tertiary carbon such as isobutane, 


CH; 


| 
CH;—C—CH,, 


| 
H 


the tertiary carbon with three alkyl groups and one hy- 
drogen attached to it will have a higher density of 
negative charge than the primary carbons, each of 
which has three hydrogens and one alkyl group attached 
to it. Consequently, this carbon becomes the most 
probable seat of reaction with the electrophilic reagent. 

The properties of the olefin bond appear to be de- 
pendent upon the electromeric effect. One of a doubly 
linked pair of carbons may acquire a high electron 
density through electromeric shifts. It would then 
seem reasonable to expect electrophilic reagents to be 
reactive with these carbons and this is borne out experi- 
mentally. Those substances which are electron seeking 
generally either add to or attack the double bond. 
These include halogens, hypohalites, ozone, and strong 


acids which serve as proton donors, all of which add to_ 


the double bond, as well as other oxidizing agents which 
bring about deeper-seated changes. On the other hand, 
as the theory predicts, such weak acids as HCN and 
NH; and other reagents which are not electrophilic, but 
nucleophilic, do not add to the double bond. 

The mechanism of addition has received considerable 
study and has been so well described that it will be 
touched upon only briefly here. The initial step in- 
volves the attachment of an electrophilic group to the 
most negative carbon: 


H H HH 
R:C::C:H* + HA = R:C:C:H + A-~ 
H 


This is followed by reaction of the incipient carbonium 
ion with A-: 

HH HH 

R:C:C:H+ + A- = R:C:C:H 
H AH 

The well-known Markownikoff rule finds its explanation 
in that protons withdraw electrons to a larger extent 
than alkyl groups. This causes the polarizable quartet 
of electrons of the double bond to move away from the 
substituted carbon and toward the methylene carbon, 
thereby increasing its negative charge and causing the 
electrophilic reagent to be directed initially to the 
methylene carbon. 

Many of the reactions of alcohols find ready explana- 
tion by the electronic theories. An alcohol R:0:H 
contains an electron-studded oxygen which may serve 
as a donor atom to form coordinate covalences with 
such atoms or ions as are electron acceptors. These in- 
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clude acids, which are proton donors, and acidic ma- 
terials such as AICl;, BF;, ZnCh, and H2Fe. In the 
reactions of alcohols which are subject to acid catalysis, 
such as dehydration and replacement of hydroxyl by 
halogen, the catalytic effect appears to be due to the 
formation first of a coordination complex such as: 


RH RH :F: 
BR: Ott o¢ BC: OB: B: 
R R oy 


The sharing of part of the oxygen electrons by the cata- 
lyst decreases the negative charge on the O and results 
in a displacement of the C:O electrons toward the oxy- 
gen with the result that a scission of the C:O bond is 
facilitated in such a way that the electrons remain with 
the oxygen. Likewise, since the negative charge den- 
sity of the carbon is reduced, the approach of a negative 
ion or other electron donor is made easier. 


RH* . R 
R:C:0:H + :Br: = R:C:Br: + HO 
R R 


The notable increase of ease of these reactions as we pro- 
ceed from primary to tertiary alcohols appears to be 
due to the same relative displacement of electrons 
toward the tertiary carbinol carbon that has already 
been discussed in the case of paraffin hydrocarbons. 
This also causes a shift of electrons toward the oxygen 
and encourages the scission of the C:0 bond between 
the C and the binding electrons. It is interesting to 
compare the phenol wheré resonance effects are im- 
portant with the aliphatic alcohol where resonance is 
negligible. As has previously been shown, the phenolic 
oxygen through resonance loses some of its charge to 
the ortho and para hydrogens with the result that the 
C—O bond assumes partial double bond character and 
the splitting away of the OH is accomplished only with 
great difficulty, whereas.the loss of a proton is facili- 
tated and the phenols are therefore more acidic than 
alcohols. 

The important features of the carbonyl group have 
been described and consist of a positive charge centered 
on the carbonyl carbon which by induction also endows 
the a-hydrogen with increased acidity. The latter 
increases the ease with which the carbanion, 
R:CH:-CO-R, is formed by reaction with bases. 
Consequently, reactions involving the a-carbon usually 
show base catalysis. An example is the haloform 
reaction in which the first step appears to be the ioni- 
zation of the ketone. Using acetone as an example 
the initial step is: 


CH;:CO-CH; + OH~ = :CH,-CO-CH; + HO 
This then reacts rapidly with the halogen: 
:CH2-CO-CH; + X: = CH:X-CO-CH; + X~ 


It is difficult to stop the reaction at this stage, two more 
halogens substituting rapidly, followed by hydrolysis to 
CHX; and CH;-COO~-. It is noteworthy that further 
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substituting occurs on the halomethyl carbon and not 
on the methyl carbon. This is to be expected, since 
the presence of the halogen with its high electron 
affinity would intensify the acidic character of the re- 
maining hydrogens attached to this carbon. Other 
base-catalyzed reactions of this type are alkylations and 
acylations of aldehydes, ketones, esters, and ketoesters 
with alkyl and acyl halides. 

The positive charge on the carbonyl group, which is 
further accentuated by an electromeric shift during re- 
action, serves as a point of attack for any ion or mole- 
cule which may serve as a donor of electrons. These 
include three general types of reagents. The first is a 
neutral molecule containing an atom having a pair of 
unshared electrons which it may coordinately share 
with the positive carbonyl carbon. These are repre- 
sented by the nitrogen atoms in phenylhydrazine, 
hydroxylamine, ammonia, and semicarbazide. The 
second includes negative ions such as HSO;-, CN-, 
OH-, and alkoxyl, as well as carbanions formed by re- 
moval of protons from alpha carbons of carbonyl com- 
pounds. Some common examples of attack by car- 
banions are the aldol condensation, the Claisen conden- 
sation, and the Perkin reaction. The general scheme of 
these reactions is shown in the following equations for 
the formation of aldol: 


CH;-CHO + OH- = :CH,-CHO + H.O 


:0:7- 
CH;-CHO + :CH:-CHO = CH;-CH-CH,-CHO 


:O 
CH;-CH—CH,:CHO + H,0 = CH;: CHOH-CH;-CHO + OH- 


The third kind of molecule which may react with the 
carbonyl carbon contains a carbon with a greater than 
average negative charge. These are frequent among 
aromatic compounds and usually owe the concentration 
of negative charge on certain carbons to resonance 
shifts as already explained. Examples include such 
reactions as chloromethylation of aromatic hydro- 
carbons and their derivatives with formaldehyde and 
hydrochloric acid, condensation of phenols with form- 
aldehyde to form resins, formation of the leuco base of 
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malachite green by reaction of dimethylaniline with 
benzaldehyde, the reaction of phenols with phthalic 
anhydride, and the reaction of chlorobenzene and 
chloral to form DDT: 


H2SO. 
CCl;-CHO + 2C,H,Cl —_—> CCls-CH(CsH.Cl)2 + H:0 


Reactions with nucleophilic reagents at the carbonyl 
carbon are usually catalyzed by acids since the attach- 
ment of a proton to the carbonyl oxygen increases the 
amount of positive charge on the carbon: 

H 
:0: 
R—CO—R + HA = R-C-R + A~ 


However, those reactions which involve the incipient 
formation of a carbanion may be catalyzed by either 
acids or bases. Thus the condensation of acetone with 
itself proceeds under the influence of either acids or 
bases. The extent of reaction is not always the same in 
the two kinds of catalysis and this, coupled with the 
possibility of unfavorable reactions of the proposed 
catalyst with one of the reactants, usually dictates the 
choice of catalyst. 

The examples given cover only a small section of 
organic chemistry. Similar applications of electronic 
theory can be made in explaining the reactions of other 
types of compounds and it is hoped that the reader will 
at least be inspired to explore the electronic mechanisms 
of the commoner reactions carefully and to make use of 
the many ideas which such a search will reveal. 
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e@ With the war absolutely dependent upon electronic 
tubes—iillions of them—a single, unalterable fact of 
nature, the difference in expansion of metal and glass 
with heat, could have become an obstacle of the first 
order of magnitude had not Kovar, an alloy born in the 
Westinghouse Research Laboratories some ten years 
ago, come to the rescue. In some of these tubes the 
metal-to-glass areas are large—perhaps a square foot— 
and the tubes are worked almost up to the softening 
temperature of the glass to get the maximum power 
from them, so that small differences in coefficient of 
expansion at the seal would immediately destroy a tube. 
Of the metals, only tungsten and molybdenum have 
coefficients of expansion comparable to hard glass. 


Tungsten and molybdenum in many cases are ruled out 
by difficulties of fabrication. Copper seals, while used 
successfully for some kinds of vacuum tubes, present 
numerous practical difficulties. 

Kovar is an alloy of iron, nickel, and cobalt whose 
expansion with temperature closely parallels that of 
hard glass up to about 465°C., where the glass begins 
to soften anyway. Making a Kovar seal is, fortu- 
nately, a simple matter and requires no extensive train- 
ing of operators. The thoroughly cleaned glass and the 
Kovar are simply heated in a gas flame, the oxidized 
Kovar worked into the softened glass, and the joint 
allowed to cool. The Kovar surface then provides a 
base for conventional soldering or brazing. 
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Spot Reaction Experiments 
Part IX: Catalyzed Reactions Brought About by Photolysis of Ferric Oxalate 


FRITZ FEIGL 


Laboratorio Central da Producao Mineral, Ministerio da Agricultura, Rio de Janeiro, Brazil 


(Translated by Ralph E. Oesper, University of Cincinnati) 


NE of the most familiar photochemical processes 

is the decomposition by light of Eder’s solution: 

a mixture of mercuric chloride and ammonium oxalate. 

The resulting production of mercurous chloride and 
carbon dioxide, 


2HgCl, + (NH4)2C204 — Hg2Cl, + 2NH,Cl + 2CO. 


is proportional to the intensity of the light. 

Winther? has shown that the decomposition in visible 
light is due to traces of iron in the commercial materials. 
In blue light, a concentration of ferric chloride of the 
order of 3.10~* mols per liter is sufficient to cause a 
marked decomposition of Eder’s solution. It appeared 
likely that this activity of ferric salts was a catalysis and 
that it involved the photolysis of ferric oxalate. 

Solutions containing ferric salts and oxalic acid, and 
consequently, complex ferric oxalate, keep almost in- 
definitely in the dark. On exposure to light, they de- 
compose: 


Fe2(C204)3* — 2FeC.0, + 2CO, 


The resulting ferrous oxalate can react with mercuric 
chloride in the presence of excess oxalic acid: 


2HgCl, = 2FeC.0, a H2C20,4 > Hg2Cle a Fee(C20.4)3 + 2HCI 


Accordingly, ferric oxalate is regenerated and by ex- 
posure to light can again be reduced to ferrous oxalate, 
which, in turn, can react with mercuric chloride. Sum- 
mation of these partial reactions gives: 


2HgCl, — H2C.0, —> Hg2Cl, _ 2HCI + 2CO,z 


This net equation represents the Eder reaction, but the 
catalytically active ferric salt does not appear in it. 

If the foregoing explanation of the activity of ferric 
salts on the Eder reaction is valid, the photolysis of 
ferric oxalate should accelerate catalytically other re- 
ducing actions of oxalic acid. If the photolysis in 
equations (1) and (2) below occurs in the présence of a 
compound M that is reducible by ferrous oxalate, then 
(in the presence of free oxalic acid) ferric oxalate will be 
regenerated (3). This again decomposes in light, fur- 


1 The qualitative experiments described in this paper illus- 
trate hitherto unknown catalysis reactions effected by photolysis 
of ferric oxalate. The author makes no claim concerning the 
correctness of his interpretations of the course of these catalytic 
effects. Definitive explanations are not possible without quan- 
titative studies of the kinetics of these systems. This is particu- 
larly true because recent studies have shown that a large number 
of factors must be considered in the case of the well-known Eder 
reaction. 

2 WINTHER, Z. Wiss. Photogr., 8, 197, 237 (1910). 


36 


nishing ferrous oxalate which reduces M. Conse. 


quently, the series of reactions (1) to (3) constantly re. 


peats. Summation of these partial reactions gives (4) 
which represents merely the reduction of M by oxalic 
acid on exposure to light, but without any visible signs 
of the participation of iron oxalate. 


Fe2(C20Ox)3 + hv — Fe2(C20x)s* 
Fe2(C20,)3* iis 2FeC.0, + CO, 


2FeC.0, + M + H2C20, —> Fe2(C20,)3 a M (reduced) 
(3) (rapid) 


M + H2C.0, + hv > CO, + M (reduced) (4) = (1) + (2) + (3) 


(1) primary reaction 


(2) secondary reaction 





This series of reactions is the typical representation 
of an intermediate reaction catalysis. In its general 
form, it states that every slow reducing action of oxalic 
acid will be catalytically accelerated by the combined 
action of iron salts and light. 

The writer has found that the following redox reac- 
tions with oxalic acid are catalyzed by adding ferric 
chloride: 

H2SeO; + 2H2C20, > Se - 3H:0 + 4CO, 
I; + H2C:0, > 2HI oh 2COz 
PdCl, + H:C.0, — Pd + 2HCl + 2CO2 
2Wwo; aa H2C20, ——> W:0; + H:O + 2COz 
Methylene blue + H2C.0, > H.O + 2CO2 + leuco methylene 
blue (colorless) 

The occurrence of all these reactions is easily per- 
ceived through the formation of a precipitate or a color 
change. They all proceed very slowly in direct sun- 
light. The addition of small quantities of an iron salt 
catalytically hastens them. The acceleration is due to 
the photolysis of ferric oxalate and to the participation 
of the resulting ferrous oxalate in the partial reaction 
(3) of the general reaction scheme. The rapid partial 
reaction (3), z. e., the actual reduction, can be formu- 
lated in these instances: 


H2SeO; a 2FeC:0, a 2H2C20,4 —_ Fe2(C20.)3 ~ 3H.,0 -b MPs 


I, + 2FeC.0, 4 H2C20, = Fe2(C20x)3 -S 2HI 
PdCl, _ 2FeC.0, + H2C20,4 — Fe2(C20x)3 + 2HCI1 + Pd 
2Wo; + 2FeC.0, a H.2C.0, aieaadl Fe2(C20,)3 aa H:O + 2CO: + 
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Methylene blue + 2Fe.CO, aaa H2C20, => Fe2(C2Ox)3 + H.O + 
leuco methylene blue 


The catalytic acceleration of reducing actions of 
oxalic acid through the combined action of light and an 
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on salt is a striking example of the fact that, in the 

‘trict sense, an intermediate reaction catalysis is 

nccomplished not by a compound as such, but by a reac- 
alate ion. In the present cases the catalyzing reaction is 
he photolysis of ferric oxalate. Consequently, this 
atulysis can be inhibited by shutting off the light. 

This catalytic effect can be demonstrated simply in 
he form of spot reactions.* 

(48) Reduction of Selenious Acid by Oxalic Acid. A 
mixture is prepared from 15 ml. of 1 N oxalic acid and 
5 mil. of 10 per cent selenious acid. Single drops are 
placed in three adjacent depressions of a white spot 
plate. A drop of 0.5 per cent ferric sulfate solution is 
added to two of the specimens. One of these is then 
overed with a metal shield. All three are then sub- 
jected to direct sunlight. Within a few minutes a red 
color develops in the insolated specimen containing 
ion. After about 15 minutes the cover is removed. 
It will be seen that free selenium was deposited only 
from the specimen that contained iron and was exposed 
to the sunlight. 

(49) Reduction of Iodine by Oxalic Acid. The test 
solution consists of 15 ml. of 1 N oxalic acid and 5 ml. 
of 0.02 N iodine solution. Three drops are placed in 
three adjacent depressions of a white spot plate and 
treated as in (48). After exposing to sunlight for about 
10 minutes, all the specimens are treated with a drop 
of | per cent starch solution. It will be found that the 
exposed specimen containing iron gives no blue, 
whereas the others still contain free iodine. If the 


3 Cf. the writer’s ‘‘Laboratory Manual of Spot Tests,’’ Aca- 
demic Press, New York, 1943, and ‘‘Qualitative Analysis by Spot 
Tests,” 2nd ed., Nordemann Publishing Company, New York, 
1939, 
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WHY should I study chemistry? I’m going to be a banker. 
My dad is a ‘‘cotton man’”’; he didn’t study chemistry. Chemis- 
try is necessary for medicine, but for the insurance business, of 
what value are chemical formulas and reactions? These are 
typical remarks of those who plan to enter a profession or voca- 
tion which on the surface seems far removed from chemistry. 

But let us stop to examine the case of the banker more closely. 
As a banker, your chief problem will be that of loans and invest- 
ments. Of the people who come to borrow money, a large per 
cent will be either directly engaged in the manufacture of chemi- 
cals or the production of articles by chemical processes. A 
progressive company not only improves its products but is con- 
stantly finding new uses and looking for new products. With- 
out a knowledge of chemistry, how will you distinguish between a 
CO, + good sound idea and a “‘fly-by-night scheme’? Must you take 
Se f Someone’s advice, or would you rather decide yourself? Are you 
going to invest in corporations on the basis of past earnings or 
future possibilities? If you choose the latter as you should, how 
will you decide without a knowledge of chemical processes? 

As you try to correlate the cotton buyer on Front Street with 
che:nistry, you happen to remember that the National Cotton 
Council maintains several laboratories and is constantly experi- 
menting. But how is chemistry related to the production of 
cotton? Since certain varieties of cotton thrive better in certain 
areas, the soil seems to be an important factor. Imntediately 
we can see that experiments in plant breeding and improving the 
soil are necessary, both of which require a knowledge of chemistry. 
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starch is added at the start, even the iron-bearing ex- 
posed specimen does not lose its color. Obviously, 
this is because the blue starch-iodine solution does not 
permit the passage of the active light. 

(50) Reduction of Palladium Chloride by Oxalic Acid. 
Three drops of 1 N oxalic acid are placed in each of 
three adjacent depressions of a white spot plate. One 
drop of 1 per cent palladium chloride in dilute hydro- 
chloric acid is added to each. They are treated as in 
(48). In a short time, the irradiated specimen contain- 
ing iron turns dark (metallic palladium). The cover 
is removed after about five minutes. It will be found 
that palladium has not been precipitated from the other 
two specimens. 

(51) Reduction of Tungstic Acid by Oxalic Acid. 
Solid WOs-aq. (tip of knife blade) is placed in three 
adjacent depressions of a white spot plate. Three 
drops of 1 N oxalic acid are added to each and stirred. 
The specimens are treated as in (48) and exposed to 
strong sunlight for about 15 minutes. The cover is re- 
moved and it will be found that the light yellow WO; 
has changed to green or blue only in the specimen that 
contained iron and was irradiated. The same results 
will be observed if a 20 per cent aqueous solution of 
phosphomolybdic acid is used in place of solid WOs. 

(52) Reduction of Methylene Blue by Oxalic Acid. 
The test solution is a mixture of 15 ml. of 1 N oxalic 
acid and 5 ml. of 0.2 per cent methylene blue solution. 
Three drops are placed in three adjacent depressions of 
a white spot plate and treated asin (48). The blue color 
of the exposed solution containing iron disappears in 
about 30 seconds. Removal of the cover reveals that 
the unexposed solution containing iron has remained 
unchanged. 


A Banker Study Chemistry? 


As to new uses, how can cotton compete with rayon, nylon, and 
other synthetic fibers? 

So you only buy and sell cotton? But the production and uses 
of cotton will determine its price on the world market. Wouldn’t 
a knowledge of the chemistry of production and of new uses help 
you to anticipate that market? 

The insurance business will serve as the third example. I 
believe we all agree that the success of am insurance company 
depends upon how well its losses can be anticipated and the 
rates fixed accordingly. Will a plant making cosmetics catch 
fire as easily as one making floor sweep? How does the danger 
of explosion in a refinery compare with that in a TNT plant? 
How do a glass factory and a plant manufacturing wood preserva- 
tives compare as to injury to their employees’ health? 

Three examples of the value of chemistry to the professions 
and vocations considered nonchemical have been discussed. 
Of the hundreds of vocations and professions, it is difficult to 
find one in which chemistry has no value. Chemistry is certainly 
important to the attorney with a murder case involving blood 
stains or poisons, to the manufacturer who must find new uses 
for his products, to the farmer with problems of soil, feeds, and 
sprays. 

Many today are carrying on their work while depending on 
others for their knowledge of chemistry. With a knowledge of 
fundamental chemical facts, greater happiness and success can be 
attained in the chemical world of tomorrow.—Raymond T. 
Vaughn in The Memph-Ion (Memphis Section, A. C. S.) 





Laboratory Uses of Heat-insulating Blocks 


DAVID LYMAN DAVIDSON 
Middlesex University, Waltham, Massachusetts 


EAT-insulating materials in the form of blocks 

are of value in teaching students of general science, 
physics, and physical chemistry the principles of 
heat flow and of its efficient retardation. The simple 
beaker jacket described is also useful in the control of 
temperatures in experiments in organic, quantitative, 
and other chemistry courses. 


FOR TEACHING THE BEHAVIOR OF HEAT INSULATION 


There are now available commercially several types 
of heat insulation in the form of blocks, recommended 
especially for the building of cold-storage vaults, 
rooms for creating artificial climatic conditions, and 
so forth. It is desirable that students should learn 
early in their science courses something about the way 
such materials serve their purpose as retarders of the 
flow of heat. 

These blocks of heat-insulating material come 
in rectangular shapes 12 by 18 inches or larger, 
and 2 inches or more in thickness. Figure 1 shows how 
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FicurE 1.—INSULATING JACKET FoR A 250-ML. BEAKER FROM 
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FIGURE 2.—Coo inc CurvVEs FoR A 250-ML. BEAKER OF WATER. 
(A) In “FoAMGLAS” JACKET. (B) WITHOUT JACKET. 


such a block of “‘black glass suds,’ Armstrong Cork 
Company’s ‘‘Foamglas,” may be cut with a fine saw or 
strip of metal into six square pieces. The vent in 
square No. 1 is made with a cork borer. In squares 
No. 2 and No. 3 the hole and rim-seat are easily tre- 
fined with the rims of a condensed soup can and a 
number 2 vegetable can, respectively. ‘‘Foamglas’’ is 
easily worked, as it is quite fragile. The six pieces 
may then be assembled to form a complete jacket for a 
250-ml. pyrex Griffin beaker, as shown at the bottom of 
Figure 1. 

The beaker is suspended by its rim in square No. 2, 
and the cavity in squares No. 2 and No. 3 is deep 
enough so that the bottom of the beaker is about one- 
half inch above the top face of square No. 4. The vent 
accommodates the stem of a thermometer, or wires to a 
thermocouple, or the shaft of a stirrer. 
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Figure 2 shows the cooling curves obtained simul- 
taneously with 250-ml. beakers of very hot water, with 
and without an insulating jacket as described. Read- 
ings of temperature are taken at 5-minute intervals 
after approximately 200 ml. of boiling water are poured 
into the two beakers, and matched thermometers are 
inserted. The thermometer in the jacketed beaker 
passes through the vent in square No. 1, and thus rests 
on the bottom of the beaker. The thermometer in the 
uninsulated beaker should be held by a clamp in an 
identical position. No stirring was done in making the 
readings. 

Figure 3 shows warming curves obtained in a similar 
way, but beginning with ice water in the two beakers. 
Any pieces of ice floating in the water should be picked 
out just before the temperature readings are begun. 

From curves plotted as in Figures 2 and 3 it will be- 
come apparent to the student how the insulation slows 
down the passage of heat to or from the beaker, so that a 
linear temperature-time function is exhibited. The 
curves also show how the effect of the insulation is 
greatest at those temperatures furthest removed from 
room temperature. 

It will be noted that the first part of curve A in 
Figure 2 is nonlinear. This portion represents the 
period during which the insulation was becoming 
“saturated,” until the slow and steady flow of heat 
through it could be established. This initial satura- 
tion can be proved by starting with the water not as 
hot, say at 70°C., whereupon the graph has an initial 
dip at this lower range before becoming linear. In 
Figure 2 curve A is linear in this region. Numerous 
other experiments are possible with this simple outfit: 

1. Convection effects can be shown: (a) by mak- 
ing the cooling curves while square No. 1 is removed, 
thereby largely nullifying the heat retardation, “with 
the cover off’; and (6) by making the warming curves 
while square 4 is removed, and square 3 rests on the 
edges of squares 5 and 6 laid flat. This latter arrange- 
ment lets the cool air fall away rapidly from the bottom 
of the beaker. 

2. The effect of the side walls can be removed by 
taking away squares 2, 3, 5, and 6, and letting No. 1 
test on the- rim of the beaker. Conversely, the side 
walls can be increased in thickness with more blocks. 

3. Similar jackets can be cut from blocks of cork- 
board, cinderbrick, wood, fiber-board, or mineral-wool 
board, and the insulating value of these materials com- 
pared. 

4. Sampling effects may be studied by stirring the 
contents of the beakers and by varying the position of 
the thermometers in the body of the fluid in successive 
experiments. 

5. By using various sizes of jackets and beakers, 
and different amounts of water, volume effects can be 
measured. 

6. Initial temperatures can be greatly varied 
through the use of liquids other than pure water, such 
as brine, lubricating oil, or antifreeze mixtures. 

There are so many interesting variations possible, 
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that in a class small groups of students can be assigned 
a slightly different setup or technique, learn the same 
fundamentals about heat gradients, and then get 
additional instruction by comparing results with the 
other members of the class. 

When the more fragile blocks, such as ‘‘Foamglas,”’ 
are used, it will probably be best for each user to make 
his own insulating jacket, for this is easily and quickly 
done. For other materials like wood and brick, break- 
age is less likely, and sets can be expected to last well. 
In cutting large holes in some of the other materials, tin 
cans may be used which have been made into trefines 
by cutting teeth in their circular rims with tin-snips, 
but ‘“‘Foamglas”’ is friable enough so that it is cut by the 
smooth rim of the can. 


IN IMPROVING TECHNIQUES 


Particularly in warm weather, insulating jackets are 
useful in maintaining low temperatures in the labora- 
tory, when methyl orange or some other dye is being 
prepared by diazotization. Less ice is required to 
keep receivers cold in collecting distillates such as di- 
ethyl ether. 

On the other hand, such a method of insulation will 
assure the slow cooling of a hot solution from which 
large crystals are desired, and will promote the pro- 
duction of coarse precipitates by the hot digestion 
method, unattended, in quantitative analysis. 

“Foamglas” was tried first for these uses because of 
its chemical stability, noncombustibility, and imper- 
meability to vapors and liquids. However, due to its 
fragility, it does not withstand physical shocks very 
well. Where greater ruggedness is required, the in- 
sulating blocks should be made of a tougher insulator 
such as cork or fiber, properly wrapped or coated with a 
water-repelling layer such as sodium silicate, synthetic 
resin, or asphalt. 

The author is grateful to the Boston office of the Arm- 
strong Cork Company for furnishing him with the 
“Foamglas” used in this work, and for giving him 
courteous advice. 
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NCE he has weighed ali the many arguments 

favoring each of the various acid-base concepts 
and has made a timid decision in favor of one or an- 
other, the teacher who is seriously attempting a cor- 
relation and integration of organic chemistry by ap- 
plication of the electronic theory is left squarely on 
the horns of a second dilemma. How can he best re- 
late acidity to structure; 7. e., how can he teach his 
students to predict by inspection of the formula 
whether a given compound will manifest acid properties 
and, if so, to what extent and at what point in the mole- 
cule‘ If the Brénsted definition of acids is the one 
adopted, this problem resolves itself into an analysis 
of those structural characteristics which confer acid 
properties upon a hydrogen atom in a molecule. 

At the present time, this question is approached by 
sponsors of the electronic theory from two comple- 
mentary viewpoints. According to the first argument, 
an acid hydrogen is one which is bound to another 
atom or a group which has a high tendency to attract 
the electrons of the covalence binding the hydrogen 
(la, 2, 3). In other words, an acid hydrogen is a 
positive or electrophilic hydrogen, a center of low 
electron density in which the effective nuclear charge 
is relatively high. 

In the general case of the type molecule Y-O-H, for 
example, unless Y is an atom or group of exceedingly 
low electronegativity, the hydrogen atom, because of 
its attachment to highly electronegative oxygen, will 
exhibit definite acid properties which become more 
marked as the electron withdrawal tendency of Y is 
increased. Thus, on the basis of relative electro- 
negativities, it may be concluded not only that the 
hydrogen of the hydroxyl group in primary alcohols 
will show acid character, but also that it will be more 
acidic than the hydrogen of secondary or tertiary 
alcohols, but less acidic than the hydrogen of water. 

In the case of phenol, the resonance forms in which 
one of the unshared electron pairs of the oxygen is 
shifted to increase the covalence between the oxygen 
and the ring carbon atom (+T effect), contribute con- 
siderably to the structure of the molecule and enhance 
the acidity of the hydroxyl hydrogen by placing a posi- 
tive charge on the oxygen atom. Introduction on the 
ring of an electron acceptor such as the nitro group, par- 
ticularly at the ortho or para position, serves to decrease 
still further the electron density about the oxygen, 
thereby producing an additional increase in acidity. 
The carboxylic acids, according to the argument, are 
even stronger because the electron withdrawal from the 
hydroxyl group due to the resonance about the doubly 
bonded oxygen (—T effect) is greater. 

In the acetone molecule, resonance (—T effect) 
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about the oxygen atom produces a low electron cen. 
sity at the carbonyl carbon atom and a slight positive 
charge is transmitted to each of the methyl carbons, 
As a result, the hydrogen atoms of acetone are weakly 
acidic. When the effect is doubled, as in the case of 
acetylacetone, the acidity becomes much more marked, 

Examples of the application of this point of view toa 
host of additional organic compounds commonly con- 
sidered as weak acids are too familiar to warrant fur- 
ther discussion. Careful study of the principle leads 
to the valid assignment of acidic properties to many 
organic compounds ordinarily not classified as Bronsted 
acids. In chloroform, to mention only one, the 
electron affinity induced in the hydrogen atom by 
the electronegative chlorine atoms should render the 
former somewhat acidic. Such, indeed, is probably 
the case, for in the addition of chloroform to acetone 
in the presence of solid sodium hydroxide, the most 
feasible mechanism would involve the removal of the 
proton from the chloroform molecule by the hydroxyl 
ion. Attack by the resulting trichloromethyl carban- 
ion on the electrophilic carbonyl carbon followed by 
the transfer of the proton to the oxygen atom would 
complete the reaction. 

According to the second viewpoint, the tendency for 
a molecule to release a proton is heightened when the 
ion resulting from the discharge of a proton is stabilized 
due to resonance. This is especially true if the reso- 
nance energy of the ion is greater than that of the ion- 
ogen, due either to the fact that the ion resonates among 
more structures than does the ionogen or to the fact 
that the resonance forms of the ion are more nearly 
equivalent. 

Many examples of the application of this principle 
both to inorganic and to organic compounds have been 
cited previously. As Pauling (4) has pointed out, 
resonance is complete in the carbonate, nitrate, and 
borate ions and somewhat inhibited in the acids. The 
increased strength of nitric acid over nitrous acid would 
be predicted on the basis of the fact that the nitrate 
ion is represented by three equivalent resonance forms, 
the nitrite ion by only two. In the teaching of begin- 
ning students, this concept may be simplified con- 
siderably by the explanation that the distribution of 
the negative charge of the ion over two or more atoms 
reduces the electron density on each atom; hence, the 
attraction for the proton is diminished, an effect which 
is increased with increasing distribution of the negative 
charge. This broad idea may be extended to correlate 
facts concerning the relative acidity of many com- 
pounds, such as the oxygen acids of the halogens, for 
example, in which the acid strength increases with at 
increase in the number of oxygen atoms over which 
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the negative charge on the ion may be distributed, 
even though true resonance is not involved. As a 
matter of fact, this general concept provides a simple 
explanation of the well-known rule that an oxide or 
hydroxide of a given element in a higher valence state is 
more acidic than an oxide or hydroxide of that element 
in a lower valence state. 

As applied to organic compounds, the fact that the 
stavilization by resonance of the anion resulting from 
the loss of a proton contributes to the strength of the 
jonogen as an acid is well illustrated by the carboxylic 
aciis. Although the acids themselves, as well as the 
carboxylate ions, resonate between two structures, 
only in the case of the ion are the two structures equiv- 
alent; hence, the ion is stabilized more than the iono- 
gen, and, as a result, a carboxylic acid is more acidic 
than an alcohol. 

The phenols are likewise stronger acids than the 
alcohols; here, again, the explanation lies in the fact 
that the resonance forms of the phenolate ion are more 
nearly equivalent than those of the unionized mole- 
cule. The comparatively strong acid character of the 
phenylammonium ion (weak basic strength of aniline) 
may be attributed to the fact that, whereas the ion is 
restricted to two structures, the molecule of the con- 
jugate base, aniline, resonates among five structures. 
By similar application of the principle, acid properties 
of such compounds as 1,3-diketones,f-ketonic esters, 
amides, nitroalkanes, pyrazole and imidazole, the 
barbiturates, and many others find a logical explana- 
tion. Conversely, the basic strength of guanidine may 
be attributed to the fact that the guanidinium ion 
resonates among three equivalent structures, whereas 
guanidine itself resonates among three structures which 
are not equivalent. 

Even a hasty comparison of the two points of view 
regarding acidity reveals that the ‘ion resonance” 
theory cannot be applied to molecules in which the 
electronic displacements are of the inductive type only. 
The question of the acidic nature of a large body of 
organic compounds, therefore, is approached only 
from the “‘positive hydrogen” viewpoint. It is prob- 
ably for this reason; for purposes of simplicity, chat 
teachers of organic chemistry who are attempting an 
application of the electronic theory, appear to be 
showing an increasing tendency to neglect the ‘‘ion 
resonance” idea. In the author’s opinion, this trend 
is to be deplored for two reasons, the first of which is 
the fact that many interesting cases are encountered 
in which the ‘‘positive hydrogen” viewpoint sheds little 
light on the problem of the comparative acid strength 
of two different compounds but where the “ion reso- 
nance’ approach suggests a clear-cut decision. It would 
be difficult, for example, to predict the relative acid 
strength of toluene and benzene reasoning only from 
the ‘‘positive hydrogen” principle. The “‘ion resonance”’ 
point of view dictates that a lateral hydrogen in toluene 
should be more acidic than a nuclear hydrogen in 
benzene; that is actually the case, as shown by metala- 
tion reactions (5). Further indication of the potential 
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acidity of the methyl hydrogen in toluene is offered by 
the reported (6) condensations of p-nitrotoluene in the 
presence of sodium ethylate and by the well-known 
reactivity to aldehydic reagents of the methyl group 
in ortho- and para- di- and tri-nitrotoluenes. In all 
such reactions of the Claisen and Knoevenagel type, 
the first step is postulated (1b) as the removal by the 
basic catalyst of the acid hydrogen atom to form a 
carbanion which in the second step adds to the electro- 
philic system involved in the particular synthesis. 

Of the many other cases where the “‘ion resonance”’ 
approach permits a much more clear-cut decision con- 
cerning acidic nature than the “positive hydrogen” 
explanation, one of the most interesting is that of cyclo- 
pentadiene and many of its derivatives. The ‘‘sur- 
prising’’ acidity of the simple diene, as revealed by its 
positive Zerewitinoff test, its reaction with metallic 
potassium, and its condensations with aldehydes and 
ketones in the presence of sodium ethoxide, may be 
attributed to the fact that the ion resulting from the loss 
of a proton in cyclopentadiene resonates among five 
structures all equivalent; in other words, the excess 
electron density in the ion is distributed equally over 
five carbon atoms. 

Teaching of the “ion resonance” principle is im- 
portant, in the second place, because there are a host of 
organic compounds in which the correct decisions con- 
cerning relative acidities may be reached only by the 
combined application of both points of view. This 
statement may seem at first to be mere academic hair 
splitting. ‘‘What difference,’ a skeptic may ask, “‘is 
to be found between the concept that a substance is an 
acid because it possesses an electrophilic hydrogen 
which should show a pronounced tendency to accept 
the unshared electron pair of a base and the notion that 
a substance is an acid because the ion resulting from 
its discharge of a proton is stable and has little tend- 
ency to retrieve the proton?” The answer lies in the 
fact that acid strength is determined not by the nature 
of the ionogen, alone, or by the nature of the ion, alone, 
but rather by the free energy relationship between the 
two (4). Many examples can be cited to show that the 
application of the ‘‘positive hydrogen’”’ principle alone 
does not lead to consistent results in predicting rel- 
ative acidities—comparisons of the hydrogen halides, 
of the primary, secondary, and tertiary amines, and 
of the alcohols and mercaptans, to mention but a few. 
In all of these cases involving electron displacements 
of the inductive type only, other factors frequently un- 
determined or not clearly understood are involved. 
There are many compounds exhibiting tautomeric 
displacements for which the ‘‘positive hydrogen” ap- 
proach alone results in erroneous predictions con- 
cerning acidities; in most of these cases, however, an 
extension of the “ion resonance” concept obviates the 
difficulty. 

Viewed in the light of the ‘positive hydrogen” 
principle alone, the problem of naming the acid hy- 
drogen in simple aldehydes is a poser. In the alde- 
hyde molecule, a certain degree of acidity should result 
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from the primary electron displacement, the —T effect 
at the carbonyl oxygen, which reduces the electron 
density on the carbonyl carbon; the positive charge 
on the latter is of course transmitted inductively to 
the a-carbon atom and on down the chain with pro- 
gressively diminishing intensity. The thinking student 
who reasons that the effect should not be greater than 
the cause must conclude that the electron density of 
the hydrogen atom attached to the carbonyl carbon is 
lower than that of a hydrogen atom attached to the 
a carbon. The hydrogen of the carbonyl carbon is 
potentially acidic, it is true, as indicated by the base- 
catalyzed condensation of formaldehyde to sugars and 
by the benzoin condensation of benzaldehyde. For 
simple aldehydes possessing a hydrogen atom on the 
a carbon, however, the first step of the mechanism 
postulated to explain such reactions as the aldol con- 
densation and halogenation in basic solution is the 
removal of the proton by the basic catalyst, not from 
the carbonyl carbon, but from the a-carbon atom. 
This apparent ambiguity is readily explainable by the 
fact that only one reasonable electronic structure may 
be written for the ion resulting from the loss of the 
carbonyl hydrogen atom, -whereas the loss of an a 
hydrogen produces a stabilized resonance hybrid of 
the keto-enol type. 

This principle may be extended broadly to cover the 
behavior of a host of organic compounds which are said 
to react according to the principle of vinylogy (7). 
In the base-catalyzed condensation of ethyl crotonate 
with ethyl oxalate, for example, the reaction must be 
initiated by the removal of a proton from the y-carbon 
atom. Invariably, the inquiring student, again troubled 
by an effect greater than its cause, points out that the 
hydrogen on the a-carbon atom should be more “‘pos- 
itive.’ He is not to be satisfied by the statement that 
vinylogous systems behave as they do because they 
are vinylogous; the empirical answer that, other things 
being equal, the tautomeric effect will operate more 
readily the more extended the conjugation offers little 
consolation to the inquisitive mind. It may be very 
clearly shown, however, that the ion formed by the 
loss of a proton from the y-carbon atom of ethyl cro- 
tonate is stabilized. with respect to the ion which would 
be formed by a loss of the proton from the a-carbon 
atom, due to the fact that the former may be repre- 
sented by one more resonance structure than the latter. 
As a matter of fact, this may be stated as a general rule 
designed to explain the behavior of compounds which 
illustrate the principle of vinylogy in reactions such 
as the Claisen, Knoevenagel, and malonic ester type 
condensations in which a carbanion is postulated as an 
intermediate: in compounds of the type sen i i 


— E,=E,, the ion resulting from the loss of a proton at 
the group A is more stable, due to more extensive res- 
onance, than an ion resulting from the loss of a proton 
at any other point in the molecule. In other words, the 
negative charge on the ion formed upon removal of a 
proton from A is most widely distributed over the great- 
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est number of atoms. Application of this principle is 
essentially tantamount to the explanation and predic. 
tion concerning the exact course of reactions of the type 
mentioned on the basis of the relative stabilities of the 
possible intermediates postulated by the mechanism. 

Conversely, comparisons of different compounds 
which form identical ions upon loss of a proton lead to 
interesting interpretations of many reactions. In the 
base-catalyzed allylic shift of 6,y unsaturated acids, 
esters, and lactones to the corresponding a,8 isomers, 
for example, the first step appears to be the removal 
of a proton from the a-carbon atom. The resulting 
ion may be represented by three different resonance 
structures showing the unshared electron pair (negative 
charge) on the a-carbon, the y-carbon, and the oxygen 
atoms, respectively. Exactiy the same ion would 
result from the loss of a proton by the y-carbon atom 
of the corresponding a,8 unsaturated compound. That 
ion, however, is more highly stabilized with respect 
to the 8,y unsaturated compound than it is with the 
a,8 unsaturated isomer because the latter exists in 
more resonance forms than the former; in other words, 
the 8,y compound is a stronger acid than its a, iso- 
mer and its rearrangement may be looked upon simply 
as the formation of a weaker from a stronger acid under 
conditions favoring protolysis. Further evidence of 
the more acidic nature of the 8,y unsaturated com- 
pounds is not lacking; A*7-angelicalactone condenses 
readily with benzaldehyde in the presence of aniline, 
for example, whereas the a,8 isomer does not (8). 
This principle may be extended to cover a wide variety 
of parallel cases. 

Prediction of the course a reaction should take on 
the basis of the relative stability of intermediates 
postulated by the mechanism is by no means valid only 
in the case of compounds which may be considered weak 
Broénsted acids. The principle has wide application 
in many types of reactions, a few of which are cited as 
examples. It would be expected that the alkaline 
hydrolysis of diethyl ethoxymethylenemalonate (7) 
would be initiated by the attack of the hydroxyl ion 
at one of the electrophilic carbons of that compound. 
The intermediate formed by the addition of the hy- 
droxy] ion to the carbon bearing the ethoxy] group is an 
ion of symmetrical configuration with complete res- 
onance. It is not at all anomalous, therefore, that the 
ethoxyl group should suffer direct and facile replace- 
ment by the hydroxyl group. Likewise, a comparison 
of the various ions which would be obtained by the 
attachment of the carbanion of malonic ester to dif- 
ferent carbon atoms in the 8-vinylacrylic ester mole- 
cule suggests that attachment at the 6-carbon atom 
should lead to the most stable intermediate, for only 
in this ion would the various resonance structures all 
show displacement of the extra electron pair toward 
the primary electron acceptor, the carbonyl oxyget. 
It is to be expected, then, that the condensation (7) 
of 6-vinylacrylic ester with malonic ester would occur 
in the 1,6 manner (Michael condensation). Considera- 
tion of the entire principle of vinylogy from the stand- 
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point of this general concept should prove both in- 
teresting and profitable to the individual teacher. 

Remick (9), in his excellent critical review of the 
status of the electronic theory as applied to organic 
chemistry, has indicated the inconsistencies in the 
present attempts to account theoretically for the high 
p/o ratio usually found when benzene derivatives con- 
taining an ortho-para directing substituent are fur- 
ther substituted. A clue to the correct explanation 
may, perhaps, be found in the fact that the mechanism 
of para substitution in a benzene derivative possessing 
a substituent which can increase its covalence with the 
carbon of the ring (+T effect) requires the intermediate 
formation of an ion or group possessing the p-benzo- 
quinoid structure, whereas for ortho substitution the 
intermediate is of the less stable (10) o-benzoquinoid 
type. 
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LETTERS 


To the Editor: 

In teaching stereochemistry and the strain theory I 
have found that the usual carbon models have a dis- 
advantage in that the student sees them only for the 
brief period of the demonstration in the classroom and 
does not become familiar with them. Also an exhibi- 
tion of some of the structures in a showcase for a week 
or so has not proved entirely satisfactory. Much better 
results were obtained when I gave the construction of 
such models as an assignment. I include some photo- 
graphs of these cardboard models with this letter. 


F. FROMM 
POLYTECHNIC INSTITUTE OF PUERTO Rico 
San GERMAN, PUERTO RICO 


High-School Ph.D.’s 


To the Editor: 


A comparison of the “College chemistry test in the 
Armed Forces Institute’! with the “‘High-school chem- 
istry test of the Armed Forces Institute’? is instructive 
and significant. These tests were devised by carefully 
selected groups of teachers of each respective type, who 
consulted standard texts and other authoritative 
sources. The tests, which were also tried out on large 
groups of students in various localities, betray the 
educational philosophies and limitations of both groups 
of teachers, and explain the woeful confusion engen- 
dered in the minds of many students of chemistry by the 
lack of any logical, coherent, cooperative policy to con- 
nect high-school chemistry teaching with freshman col- 
lege chemistry courses. 

A few of the more outstanding differences may be 
stated: ‘ 


1 J. Cue. Epuc., 21, 386 (1944). 
2 [bid., 21, 507 (1944). 
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The college test is confined strictly to rather elemen- 
tary chemistry. The high-school test demands not 
only more extensive and detailed chemical knowledge, 
but it includes references to applied psychology, char- 
acter formation, sociology, aesthetics, physical educa- 
tion, and philosophy. The only branch of general cul- 
ture explicitly excluded is “the appreciation of Pi- 
casso,” and this indicates the approximate outer limit 
of the syllabus. 

The college test accurately delimits the scope of 
knowledge and interpretation required. The high- 
school test offers 90 items. Some are elementary, others 
would require weeks for a satisfactory treatment, and 
still others involve considerable logical training and 
philosophical insight. A few are vague, and could be 
handled-at various levels. 

The college test questions given as samples are spe- 
cific, accurate, and unambiguous. The high-school test 
questions vary over a wide range. Some are simple and 
ingenious, others so difficult or ambiguous that they 
confused several graduate students, two of whom had 
received their Ph.D. degrees. 

One graduate student remarked that the high-school 
outline would be excellent for an honors student, or 
even a Ph.D. candidate, preparing for a comprehensive 
examination. Another suggested that it would be wise 
for the student to take the college course as a prepara- 
tion for attempting the high-school syllabus. 

These reports make it obvious that while college 
chemistry teachers are primarily devoted to chemistry, 
with no more scientific philosophy than is required for 
purely chemical purposes, high-school teachers are 
chiefly concerned with the inculcation or indoctrination 
of ethical, social, and civic principles, regarding chem- 
istry merely as a convenient medium for the introduc- 
tion of more important educational material. 

Without taking sides one may ask a few questions: 

Is the adolescent more responsive to indoctrination 
than the more mature college student? 

Is the notion wrong that the younger student should 
master the intellectual tools and mechanical tech- 
niques, and do his memory work first, leaving philoso- 
phy for his more mature years? 

Should college chemistry teachers, instead of confin- 
ing themselves largely to their formal subject matter 
attempt to continue the ethical, social, and civic educa- 
tion started in the high school? 

The description of the college syllabus does not give 
the numerical results of actually trying out the exami- 
nation on groups of students; but the specifications 
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and sample questions are such that most educationally- 
minded returning veterans could pass the examination, 
with the help, perhaps, of a brief ‘‘refresher’’ course. 

The high-school examinations were tried out on sey- 

eral large groups of—probably—superior high-school 
students. In every group, the average grades fell far be- 
low any generally recognized passing mark. The aver- 
age grade for the whole set of groups was well below 50 
percent. The average returning veteran of high-school 
status would be spurlos versenkt by this examination. 

Is it pedagogically sound to attempt to teach courses 
and administer examinations which only a few, if any, 
members of the class can hope to pass? There are edu- 
cational theorists who hold that the student’s capacity 
is most effectually stretched by his continually attempt- 
ing the impossible. 

The clash of teaching policies between the high 
school and the college makes freshman chemistry the 
bugbear of many high-school graduates. Some of the 
best students, from the best schools, have worked so 
conscientiously on a course such as the one outlined 
in the second article referred to above that their heads 
are stuffed with a chaotic jumble of facts, laws, defini- 
tions, principles, formulas, equations, economics, in- 
dustrial processes, synthetic triumphs, sociology, ethics, 
and morals. It is difficult to convince them that they 
can never become successful chemists or pass the pre- 
requisites of several other professions if they do not 
master the clear, accurate applications of a few simple, 
fundamental principles. But even this class of stu- 
dents is easier to handle, in college, than those who 
have devoted their high-school chemistry time to a few 
projects and expect to go on, immediately, to research; 
or those who have learned a lot of popular facts about 
chemistry and are proud of their knowledge that arti- 
ficial silk stockings can be concocted out of water and 
air, and silk purses made from sows’ ears. This latter 
class commonly complains that college chemistry 
isn’t like high-school chemistry at all. High-school 
chemistry was ‘‘interesting!”’ 

The comparison of the two reports which are the sub- 
jects of this review emphasizes the urgent necessity of 
a getting-together of high-school and college chemistry 
teachers for the working out of some kind of logical, 
coherent, cooperative, pedagogical policy. Only in 
this way can a sad wastage of academic effort be elimi- 
nated. 

G. WAKEHAM 


UNIVERSITY OF COLORADO 
BoOuLDER, COLORADO 








Du Pont Company has developed an instrument which provides constant analysis of 





atmospheric conditions in manufacturing plants. Principle of operation is based on 


the phenomenon of light absorption of gases. 


Most gases absorb light of some par- 


ticular wave length, casting a shadow where that particular wave length line would 


otherwise have fallen. 
variation from pure to contaminated air. 


Instrument operates on a comparison basis and shows instant 
















Chemistry in the Liberal Arts College 


WALTER B. KEIGHTON 


Swarthmore College, Swarthmore, Pennsylvania 


WOULD like to begin by considering the function of 

the liberal arts college. Wherein does the liberal 
arts college differ from the technical or professional 
school? Some would define the liberal arts in historical 
terms. They point out that the liberal arts in Greek 
and Roman civilization were those studies that were 
reserved for freemen. Slaves were often given techni- 
cal training so that they might be useful in the practical 
arts, but studies intended for the development of in- 
tellectual and moral excellence were reserved for free- 
men, to prepare them for the duties of citizenship. 
Wendell Willkie,? perhaps with these thoughts in mind, 
speaks of the liberal arts as “‘education for its own sake: 
to know for the sheer joy of understanding; to specu- 
late, to analyze, to compare, and to imagine.” While 
this is a true definition it is an unfortunate one for it 
brings up the thought that here is a luxury very well 
for those who can afford it, but that the majority of us 
who will need to earn our own living must press on to 
more practical studies and leave the liberal arts to 
others. 

In order to show that this is quite contrary to fact, 
I prefer to define a liberal education in terms of three 
objectives. The first of these is training to live well. 
The cultivation of those habits of thought and action 
which are essential to the acquisition of truth are an im- 
portant contribution to the good life. A capacity for 
esthetic delight, a knowledge of one’s religious and 
moral heritage, an understanding of nature, are all 
essential for a rich and satisfying existence. 

The second purpose of a liberal education is training 
to take an intelligent part in society. This implies a 
knowledge of the various social, economic, political, 
and cultural forces at work in society. 

The third purpose is training to earn a living. In 
general this implies some field of concentration but the 
field should neither be so narrow as to sacrifice cultural 
significance nor so broad that time is lacking to cultivate 
it to its full depth. 

A liberal education helps one to understand the goals 
of mankind, to acquire skill in the methods of attaining 
them, and to provide the background which makes pos- 
sible a critical appraisal of various alternatives. A 
liberal education should develop not only mental power, 
but also moral responsibility. 


1 Presented before the Division of Chemical Education of the 
American Chemical Society, 108th meeting, New York City, 


September 12, 1944. 

2 WILLKIE, ‘‘Freedom and the liberal arts.’’ An address de- 
livered at Duke University January 14, 1943. Published i in the 
American Scholar, 12, 135 (1948). 

3 A recent stimulating book on this subject is “Liberal Educa- 
tion Reexamined; its Role in a Democracy,” THEopoRE M. 
GREENE AND OTHERS, Harper and Brothers, 1943. 
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How does chemistry fit into this? There are two 
reasons for including chemistry courses in the liberal 
arts program. They may be intended either as a part 
of the professional training of the chemist, or doctor, or 
engineer, or as a part of the general education of the 
nonscientific student. Chemistry courses intended as 
part of the professional training of chemists should 
provide a grounding in the fundamental principles of 
chemistry as a basis for future specialization in indus- 
try or in postgraduate work. While they are also con- 
cerned with the acquirement of some technical skill, 
in general, proficiency is not developed until later. 
An American Chemical Society committee has set 
standards for the professional training of chemists, 
and it is not my purpose to re-examine these standards 
now. I would like to point out, however, that the 
liberal arts college has an obligation to see that the 
student is prepared to become an effective citizen as 
well as a competent professional man. ‘The student of 
chemistry must be intensively trained in his own field 
and in allied fields, but in addition he must be socially 
minded. He needs to understand the basic social 
problems and their significance, and he should see how 
his work is related to the aspirations and needs of 
society. Further, we must see that his sensitiveness for 
the enduring values in the fields of morality, the arts, 
and literature, is cultivated. It is important not 
only that our chemist learn how to make a living, but 
also that he learn how to live. 

I question whether we have yet, as a Society, suf- 
ficiently emphasized the importance of the humanities 
and social sciences in the professional training of chem- 
ists. 

The liberal arts college has two jobs: to introduce the 
student to the major fields of learning, and to provide 
relatively intense training in some one major discipline. 
The student will be introduced to the various major 
fields early in his college career so that he may wisely 
select a field for intensive training, one adapted to his 
abilities and of genuine interest to him. But this in- 
troduction to the principal disciplines has another 
equally important objective, viz., to acquaint the stu- 
dent with some of the significant problems in each of 
these major fields and to orient him with regard to the 
methods of approach to these problems. 

The four-year college does not expect to produce 
graduates proficient in each of the major disciplines, 
but some groundwork in several of them is necessary if 
educated men are to have a common language and to 
understand the basic relationships between their own 
field of specialization and other fields. 

Specifically, the student with a major interest in the 
























































46 


humanities or social sciences should have some knowl- 
edge of science, of which at least a part may be chemis- 
try. There is a growing conviction to this effect, it 
seems to me, among administrators and college teachers 
in fields outside the sciences. President Nason,‘ of 
Swarthmore College, wrote over three years ago: ‘“We 
have more knowledge, and more exact knowledge in the 
natural sciences than in any other area.... It is im- 
portant for the student in the humanities and in the 
social sciences to know something about natural science. 
That is a great cultural area which has perhaps the 
greatest prestige of any field today and which as a 
consequence no one can ignore and be liberally edu- 
cated. But just because the fields of natural science 
have been so successfully developed, a thorough under- 
standing of the pioneer work in biochemistry or sub- 
atomic physics is beyond the reach of all but specialists. 
What the nonscientific student needs to know is the 
mein outline and method and spirit of the scientific in- 
quiry.” 

This is the problem that I wish to consider. What 
kind of chemistry course will best give the nonscientific 
student the main outline and method and spirit of chem- 
istry? Should it be a broad survey of the whole field of 
chemistry? Should it attempt to impress the student 
with the importance of chemistry in industry, or 
agriculture, or in the household arts, or in the war ef- 
fort? Or should it equip the student to be an interest- 
ing conversationalist? To attempt to do any of these 
things, in my opinion, is to risk a superficial treatment. 

To change for a moment to a different subject, how 
do we give a boy the main outline and method and 
spirit of baseball? Do we present him with a rule book, 
or outline the history of the game, or prove to him that 
playing baseball will build him up physically? Of 
course we do none of these things, except incidentally. 
We teach him to throw, catch, and bat the ball because 
these are the fundamentals of baseball, and then we 
start a game with a pitcher, catcher, and batter, be- 
cause these are the essential positions. A knowledge of 
the special job of the shortstop or the fielder and a great 
deal of other specialized knowledge are necessary to a 
full understanding of the game, but we can give the 
boy the main outline and method and spirit of the game 
with a three-man team. 

I submit that we might well do a similar thing for the 
nonscience student who is taking chemistry as a part 
of his general education, rather than as a part of his 
professional training. Our course might well be de- 
voted to a few central concepts or principles which il- 
lustrate the methods of the chemist, which are close 
enough to experience to be meaningful to the student, 
and which can be treated thoroughly in the time avail- 
able. I say concepts and principles advisedly, for I 
would build the course around principles with a mini- 
mum of description of properties and processes. 

If the conventional chemistry course has been at 
fault it is because it has tried todo too much. We have 





‘Nason, “The nature and content of a liberal education,” © 
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not discriminated between things of real importance and 
things of apparent importance. I suspect that we 
teach about petroleum refining because everyone has 
an automobile or an oil furnace, or about synthetic rub- 
ber because the recent rapid development of that in- 
dustry is a great tribute to scientific and engineering 
skill, or about plastics because ‘‘after the war every- 
thing will be made of plastics,” not because these topics 
are particularly useful in explaining some fundamental 
principles of chemistry or in elucidating the methods 
of the chemist. In seeking comprehensiveness we risk 
superficiality, and may substitute shallowness for 
mastery. Of this we must beware. 

I do not advocate a simplified course. What we 
need for the general education of the nonscience student 
is not a simpler or easier or broader elementary course 
in chemistry, but one which eliminates as much as pos- 
sible of the more technical parts of the science, e. ¢., 
much of chemical nomenclature, the balancing of oxida- 
tion-reduction equations, and the procedures of qualita- 
tive analysis. Such topics are an essential part of the 
professional training of the science student but are 
humdrum for the student who will never take a more 
advanced course in chemistry. 

It is proposed that we limit the number of topics dis- 
cussed so that each topic may be considered with the 
thoroughness that characterizes scientific work. The 
primary purpose of this course would not be to exhibit 
the scope of chemistry nor to explain all the chemical 
phenomena that the student is likely to encounter in 
life. The course would be characterized by courageous 
omissions rather than by complete coverage of the sub- 
ject, its purpose to show the special technique or 
method of working in the field of chemistry. 

It has been my experience, and probably yours, that 
college freshmen depend too much upon memory and 
too little upon their ability to reason. They will 
throw experimental data into a formula without pause 
to consider whether the formula is applicable or the 
result obtained sensible. I can think of no better 
study than chemistry to teach the student (a) that 
there are too many facts to memorize, (b) that many 
facts may be deduced from simple theories, and (c) 
that ‘‘facts” remembered or deduced should be checked 
for reasonableness. Thus the study of chemistry 
should contribute to the development of precision in 
thinking. 

It is essential to such a course as I propose that the 
student actually work with the theories, and learn to 
make use of them. One aim of a liberal education is to 
cultivate those habits which are useful in acquiring 
knowledge. This does not mean describing the tech- 
niques of study to the student but means having him use 
those techniques. Two friends’ of mine from a neigh- 
boring college expressed their conviction in a paper pre- 
sented to this Division at the Pittsburgh meeting, 
that “‘one can learn to use a library only by using it and 
that he can learn to do research only by doing it.” I 


5 MELDRUM AND JONES, ‘“‘The technical library and under- 
graduate research,” J. Cuem. Epuc.. 20, 593 (1943). 
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would like to add that one can learn the scientific 


method only by using it, and one can learn how the 
chemist works only by doing the work that the chemist 
does. 

I will not be satisfied to have the student on the side 
lines watching the parade go by. He must take part in 
it. It is for this reason that I would feel that labora- 
tory work was an essential part of the course. We can 
show the student a lot of chemistry in demonstrations 
and as we demonstrate we tell him what to observe 
and what he should conclude from the observation— 
and this has its place in instruction. But if he does the 
work in the laboratory by himself, even though we 
guide the course of his work by directions and the 
course of his thoughts by leading questions, he will 
have to think through the problem himself. This 
should cultivate his habits of observation, and encour- 
age him to draw tentative conclusions and to test them 
by further experiment. Laboratory work can be an 
especially potent force in education because problems 
apparent to the senses are often more effective in arous- 
ing curiosity—and therefore in initiating thought trains 
—than those apparent only to the mind. 


And, finally, we must beware of trying to make 
our coturse simple for the sake of avoiding difficulties. 
Many students do not mind difficulties if the way to 
overcome them is indicated, and if it appears worth 
while to overcome them. It is, in fact, acquiring the 
ability to overcome difficulties which makes a course 
interesting. Such a course should help supply the 
mental training to make the student an understanding 
listener, to give him some sense of what is sound science 
and what is quackery, and to have some insight into the 
methods and background of the chemist. 


The mechanics of working out such a course will vary 
with local situations but certain general observations 
may be made. It will be noted that I have proposed 
nothing for the nonscience student that one would not 
wish for the student with a professional interest in 
chemistry. It would therefore be quite practical to 
have the first part of both kinds of course identical, 
with a common first term for both kinds of student. 
Such an arrangement may not be necessary, but is 
possible. We propose to provide for the nonscience 
student a thorough training in some few fundamental 
concepts of chemistry. We certainly wish to do the 
same thing for the student with a professional interest 
in chemistry. If the treatment is thorough there will 
be no need to repeat it again in the professional stu- 
dent’s second term. For his second term, there will be 
plenty of fundamental concepts which were not brought 
up in the first term either because of lack of time, or 
because they required more background than could be 
developed in a few months. 

To be specific, let me state how such a course might 
be worked out with a common first term for science 
students and humanities students. The following 
topics or some of them would be appropriate for the first 
term: 
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The atomic theory and weight relations in chemical reactions 

The kinetic theory and the behavior of gases. 

Solutions and the electrolytic dissociation theory. 

Relation of properties to atomic, molecular, and crystalline 
structure. 

The bases for the periodic table, and its use. 

Elementary treatment of chemical equilibria. 

Sufficient descriptive chemistry to illustrate these principles 
and to demonstrate their usefulness. 


Some of these topics might be omitted or others sub- 
stituted forthem. In general, the nonscientific student 
would end his formal education in chemistry at the end 
of this term. The student with a professional interest 
in chemistry would continue with a second term perhaps 
more concerned with the application of principles to the 
professional problems of the chemist. Such topics as 
the application of the solubility product principle or 
hydrolysis equilibria to qualitative analysis, or the 
balancing of oxidation-reduction equations, would be 
appropriate to the second term. A large portion of this 
term would be devoted to the systematic study of de- 
scriptive chemistry. 

I have a feeling that in the past we have tended to 
consider our elementary chemistry courses chiefly 
with respect to their effectiveness in preparing science 
students for more advanced chemistry courses, that 
we have been too little concerned with the needs of 
nonscience students. For most nonscience students 
the first course in chemistry is a terminal course. This 
makes it all the more important to define clearly the 
aims of such a course, to seek the most effective means 
of accomplishing these aims, and finally to test the de- 
gree of our success. If we are successful, the student’s 
mental growth, along the lines in which we have trained 
him, should continue after the completion of the course. 
If such growth does not continue it seems to me difficult 
to justify the chemistry course as a part of a liberal 
education. 

One attempt to test such growth was reported by the 
Graduate Record Examination® last year. Three hun- 
dred and eighty-three college students of liberal arts were 
tested in their sophomore year and again in their 
senior year in the fields of mathematics, physics, chem- 
istry, biology, the social sciences (history-government- 
economics), literature, and fine arts. From the tabu- 
lated results of the test it is clear that the largest gains 
were in the humanities and the social sciences, and the 
smaller ones in mathematics and the natural sciences. 
Chemistry shows the smallest gain. When the students 
are grouped according to their major fields the picture 
is even more disappointing. Among the men tested, 
four of the eight major field groups show a decrease 
in score in the chemistry test. The majors in mathe- 
matics, chemistry, biology, and literature show some 
gain in the chemistry score, but the gains are small. 
Among the women tested, each of the major field 


8 Graduate Record Examination, Occasional Circular number 1, 
November, 1943. A progress report on the sophomore-senior 
achievement of 383 twice-tested college students of liberal arts. 
The Graduate Record Examination, 437 West 59th Street, New 
York 19, New York. 
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groups shows a decrease in the chemistry score. This 
apparent lack of growth in chemistry may be due to 
several factors. Perhaps, because colleges stress the 
sciences during the earlier years of the curriculum many 
of these students had little formal instruction in chem- 
istry after their freshmen or sophomore years. Un- 
doubtedly the newspapers, popular magazines, and 
the radio, are more potent extra-curricular sources 
of education in some other fields than they are in chem- 
istry. It seems to me, however, that these results also 
at least raise the question whether we chemistry 
teachers have contributed as much as we can to the 
mental growth of the liberal arts student. If we have 
not, it is because we do not have clearly in mind the 
objectives of a course for this kind of student. 

To summarize, it has been stated that although con- 
siderable thought has been given to the professional 
education of the chemist, and some to the chemists’ 
need for a liberal education, relatively little serious 
thought has been given to the place of chemistry in the 
liberal education of the nonscientific student. It has 
been suggested that courses offered for this purpose 
may be superficial if they attempt to cover too wide a 
field, and proposed that by restricting the course to a 
few topics thoroughness will be encouraged. 

Based first on the assumption that it is more import- 
ant that the liberal arts student understand the 
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methods and spirit of chemistry than that he have on 
tap an abundant flow of factual information, it js 
proposed that the course deal with a few central con- 
cepts or principles. On the further assumption that 
on the college level it is more necessary to train to rea- 
son than to train to memorize, emphasis would he 
placed on the application and use of the principles 
rather than on the mere accumulation of chemical facts, 
It is not desirable to be any less thorough in teaching 
chemistry to nonscientific students than to those stu- 
dents who have a professional interest in chemistry. If 
we are not thorough we give a false idea of the scientific 
method. A first course for professional students would 
differ only in its greater length and in the inclusion of 
principles somewhat less fundamental but technically 
useful, in the development of certain mental and 
manual techniques utilized in the practice of chemistry, 
and in the memorization of a somewhat greater number 
of chemical facts because of their usefulness in the 
profession. 

The essence of my proposals is that we should re- 
examine our elementary course intended for nonscienti- 
fic students in order to be sure of our objectives and to 
find the best way of attaining them. Perhaps we are 
fooling ourselves by thinking that what is good enough 
for the chemist is good enough for the humanities 
student. 


HIGH-SCHOOL CHEMISTRY 


Teaching Aids 


HARRY F. WILEY 


Laconia High School, Laconia, New Hampshire 


THE following teaching aids are used successfully 
in the chemistry classroom. 

1. Formula practice sheets A, B, and C in graduated 
degrees of difficulty. The names of nine negative ions 
are printed in a row across the top of the sheet, and the 
names of eight metallic ions in a column at the left. 
The sheet is ruled into 72 rectangular spaces in which 
the pupil writes the formulas of the appropriate salts. 

2. Bookmarks bearing legends. The legends include 
classical quotations as well as terse saws of local origin. 

“In the name of the gods I beg you to think.”— 
Demosthenes, 350 B.c. 

“Learning without thought is vain; thought without 
learning is a danger.’ —Confucius 551-478 B.c. 

“Fifteen minutes a day keeps low marks away.” 

‘“‘A problem understood is a problem largely solved.” 

3. Personal questions for my students. A little 
printed sheet has the following introspective inventory: 


Is my attitude good? 

Do I try to make good use of the classroom? 
Is my attitude active or passive? 

Am I superficial or critical? 

Am I persistent or easily discouraged? 

Is my study regular? 

Are my ideas clear? 

Am I a mere lesson-getter? 

Am I governed by the letter or by the spirit? 
Do I organize my knowledge? 
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4. Reaction sheet. 


Metal and 
and 
Oxygen 


Nonmetal to a Salt (ide) 


to to 

Metal oxide and Nonmetal oxide to a Salt (ate or ite) 
and and 

Water Water 


to to 
Base (MOH) and Acid (HR) to Water and a Salt 





lem: 
obv. 
a pr 
* 


d 
Engl 
necti 


of the 


NEW ENGLAND ASSOCIATION 
of CHEMISTRY TEACHERS 


Postwar Teaching Problems in the Sciences’ 


WILLIAM F. EHRET 
New York University, New York City 


‘INCE all things are possible in the future, we must 
concede that a discussion of postwar teaching 
problems in the sciences can be made as broad and as 
long as we wish. It will profit us most, however, to 
choose for study in the limited time at our disposal 
those questions which, it is generally believed, have 
the greatest probability of arising and requiring an- 
swers in the immediate and also the somewhat more 
remote future. If we were not scientists, we might con- 
sult a crystal gazer and have him select from among the 
infinite number of events that flit through his ball those 
that are most likely to occur. But no medium can help 
us on this occasion to make a selection of the problems 
most likely to arise in the teaching of the sciences. 
Only the concensus of the opinions of experienced edu- 
cators will serve as 4 guide. These opinions are often 
expressed individually in print, they are sometimes 
garnered through round-robin letters, and they may be 
learned through personal contacts with experienced 
teachers. These then are our sources of prediction, and 
upon them the following analysis is based. As for the 
solutions to the problems here presented, they will 
sometimes be those upon which there is common agree- 
ment among many educators; in other cases, where 
the writer has seen and heard no discussion, they will be 
based on his own opinions. An attempt will be made 
to delineate these two, so that the listener may give 
proper weight when drawing his own conclusions. 
Some of the problems selected for examination may 
seem trivial, and others may be dismissed because you 
have already arrived at a solution that fits your own 
particular environment, yet some, it is hoped, will 
stimulate further thought, and perhaps discussion, and 
that is the chief purpose of this conference. 

One way of preparing for questions that will probably 
require solution in the future, and this is usually the 
most efficient way, is to arrange them in a time se- 
quence, putting those that will come up soon, or require 
immediate answers, first, and treating long-range prob- 
lems later. This is the scheme we shall adopt. It will, 
obviously, entail an occasional arbitrary assignment of 
a problem to one class or another, or perhaps to both, 


‘ 
* Address before the Sixth Annual Summer Conference, New 
England Association of Chemistry Teachers, New London, Con- 
hecticut, August 28, 1944. 


since some problems are continually with us and vary 
only in magnitude. Most of the questions arising out 
of the war will fall into the category requiring imme- 
diate consideration. The majority of the long-range 
problems, as we shall see, have only a remote connec- 
tion, if any, with the war. A number of them, as for 
example curricular changes and the selection of teachers, 
are not new, yet they are constantly presenting new 
angles which it will be worth our while to examine. 

For convenience, in each of the above classes, the 
questions will be grouped under the headings of Stu- 
dents, Teachers, and that intangible working agreement 
that exists between them, the Curriculum. Such things 
as plant and property, although they have a marked ef- 
fect on students, teachers, and curricula, will be as- 
sumed to lie more in the province of administration 
and consequently are beyond the purview of this re- 
port on teaching problems. 


IMMEDIATE PROBLEMS 


Students. Although the resurgence of students to 
the colleges and universities, and to a lesser extent to 
the high schools, that is generally expected to occur 
after the war, would seem to provide major problems 
for administrators rather than teachers, it will bring 
in its wake the need for the proper placement of many 
students whose educational careers have been dislo- 
cated by the war. This will be particularly so in the 
colleges and universities, whose stuslent enrollment at 
that time is expected to include about 10 per cent of 
men and women who were formerly in the armed 
forces. Reliable information, to be used in placing 
students in appropriate academic levels, can only be 
obtained from experts in each particular field of learn- 
ing and at each institution. Thus in chemistry, for 
example, it will be best to know not only the rating 
received by the prospective student in some, perhaps 
standardized, type of examination, but also the aver- 
age performance of students of the institution on the 
same examination. Finally, if a “national” type of 
comprehensive examination (1) is given, and national 
norms are known, the standing of the student and 
of the institution may help provide proper orientation. 
In all of this the chemistry teacher will play an im- 
portant part, for he is one of the experts who will be 
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called upon for this information. If it is not already 
available, it is something about which we should be 
thinking. 

During the period of ‘‘reconstruction’”’ all men and 
women who have obtained instruction of academic na- 
ture while in the military forces, and who signify their 
intention of entering college, will take, prior to muster- 
ing out, a comprehensive examination prepared by the 
Armed Forces Institute (2) for each particular subject. 
There will be such an achievement test in college chem- 
istry. The examination taken by the veterans will be 
the “‘secret’”’ or military form of the test. A parallel, 
civilian examination of similar content will be available 
to chemistry teachers who wish to obtain local norms 
in their regular classes. National norms will be avail- 
able, as well as tables of equivalence between the two 
forms, and the Armed Forces Institute will report, 
upon request, the ratings obtained by each veteran 
who makes application for admission to college. 

What will be done for students who wish to enter col- 
lege is suggestive of a similar procedure that might be 
followed in high schools whenever there is any doubt 
about the nature of the training or the extent of achieve- 
ment in subjects studied during the past few years. 
Tests which parallel the Armed Forces Institute ex- 
aminations in high-school chemistry and mathematics 
are now available from the Cooperative Test Service (1). 

Teachers. The rehabilitation of the teaching staffs 
of science departments in institutions of higher learn- 
ing will be a matter of primary importance at the close 
of the war, particularly since enrollments are expected 
to increase immediately. The composition of the 
teaching staff is a subject of concern to each individual 
teacher who is part of it. In some way, and this will un- 
doubtedly differ from one institution to another, we 
should be heard in this matter of the choice of col- 
leagues, for at this point the seed is sown that will bear 
either fruit or thorns during the rest of our teaching 
careers. 

As a matter of course, veterans, who were formerly 
instructors, should receive first consideration in respect 
to these teaching positions. After that, it will be pru- 
dent to make only temporary appointments, for the 
academic world is due for a period of inflation during 
which many ill-considered appointments could easily 
take place. It may be well to establish an apprentice- 
ship plan for full-time instructors, such as I know has 
been in successful operation for many years in at least 
one of your New England col'eges. 

Curriculum. About a year ago the assumption was 
prevalent that the impact of the military programs 
(ASTP, V-12, ESMWT) would lead to major changes 
in curricula in our colleges. It was supposed that new 
short-cuts in education and superior methods of 
teaching would be introduced. The experience of the 
past year has, however, reminded us once again that 
one cannot make a silken purse out of a sow’s ear in jig- 
time. It is true that some slight changes in method 
will result from our experiences with the wartime 
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courses, but an equal number of modifications would 
probably have been made in normal times. It seems 
fairly certain that no significant alterations in course 
offerings or content will be noticed in college cata- 
logs immediately after the war (3, 4, 5). Nor will 
there be any sweeping changes in the length of time 
devoted to college work. Accelerated programs will 
probably be dropped for practical reasons, first, be- 
cause they throw an increased load on the budget, and, 
second, because the need for acceleration, except during 
an emergency, has never been demonstrated. Summer 
schools have always existed, but only a very small per- 
centage of the total student body attends them. Va- 
cations are more profitably spent in acquiring experi- 
ence, and, what is more important, funds with which to 
continue one’s education. 

Although no major upheavals are to be expected in 
the postwar curricula, there will probably be pressure 
on teachers to introduce, or to continue, certain tech- 
nical or vocational courses. This will be strictly an 
aftermath of the war, and interest in them will wane as 
the veterans complete their education. In the interim 
there exists the likelihood that a considerable number of 
technical institutes will be founded to accommodate 
those interested in vocational training. Twenty-two 
such institutes for applied arts and sciences are being 
planned in New York State (6). For a number of 
reasons it seems inevitable that these institutes, if es- 
tablished, will become degree-granting colleges as time 
goes on. First, because the war-engendered interest in 
mechanical training will taper off, secondly, because 
past experience with junior colleges shows that they 
usually expand into the four-year variety, and finally, 
because the American parent and student is more im- 
pressed with the desirability of a college experience 
and degree than with a two-year terminal course in a 
vocational institute. 


A question which will engage the attention of some of 
us in the months immediately following the war has to 
do with requiring all students to take an integrated 
physical science course during their first, and perhaps 
also second, year of college. The alternative is to make 
this course optional, and a terminal one, rather than a 
prerequisite for further courses in science. It is im- 
possible to give a categorical answer to this question, 
because local conditions have an important bearing, 
nevertheless, it seems fair to say that the enthusiasm 
shown for these courses a few years ago has fallen off 
because they have not prepared the student sufficiently 
well nor rapidly for further work in science. In the 
light of the experience that has been developing it 
would seem that a more appropriate place for physical 
science as a requirement in the curriculum would be as 
a two-year course in the high school (7). This would 
provide an adequate take-off for unidirectional college 
courses such as chemistry, physics, biology, and geol- 
ogy, and would still be an end in itself for those not 
continuing with the study of science. 


(Continued in the next issue) 
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THE CONSTITUENTS OF WHEAT AND WHEAT Propucts. C. H. 
Bailey, Professor of Agricultural Biochemistry and Director 
of the Agricultural Station, the University of Minnesota. 
Reinhold Publishing Corporation, New York, 1944. 332 pp. 
17 figs. 115 tables. 15.5 X 23.5cm. $6.50. 

As the author states in the introduction this monograph, Num- 
ber 96 in the American Chemical Society Series, is a compilation 
of the significant facts and data relating to the chemical sub- 
stances present in wheat. The first chapter gives a remarkably 
complete review of the early researches on wheat proteins and 
goes into far more detail than Osborne or other earlier writers 
attempted to do. A particularly valuable feature of the chapter 
is the table in which are given the names applied to the numerous 
preparations of wheat proteins described by early workers, to- 
gether with sufficient information about their solubility to permit 
the reader to form some sort of judgment as to what these prepa- 
rations were. No one who has not tried to read this early litera- 
ture can appreciate the confusion in which the nomenclature was 
at the time that Osborne began his researches nor fully grasp the 
value of the relatively simple system that he set up. The 
author has emphasized the clarification that Osborne made by 
dividing the main discussion into two parts, Wheat protein re- 
search 1728-1895, and Osborne’s researches on wheat proteins. It 
cannot be claimed that before Osborne all was dark and that 
after him all was light. But it is true that before his work was 
done there was little with which the student could feel satisfied, 
whereas since his time research on the wheat proteins has pro- 
gressed with ever-increasing effectiveness. 

On page 1, in the discussion of Beccari’s classical paper on 
wheat gluten there is what the reviewer believes to be a miis- 
translation of the original Latin. A translation of this paper 
was made either by Osborne himself or by one of his friends many 
years ago, the manuscript of which is preserved in the files of the 
reviewer’s laboratory. Beccari’s phrase concerning the behavior 
of gluten when kept in a warm moist place, somewhat delicately 
translated by Loenholdt and Bailey and quoted in the present 
chapter as “‘putrefied strikingly like a dead body,” is found in 
Osborne’s translation to be, ‘‘rots and very stinkingly putrefies 
like a dead body,’’ decidedly a more vigorous and memorable 
statement! 

The subsequent chapters deal successively with (2) the prola- 
mins of wheat, (3) the glutelins, (4) the water- and salt-soluble 
proteins, (5) crude protein and crude gluten, (6) nucleic acid, 
(7) nonprotein nitrogen, (8) starch, (9) sugars, (10) gums, pento- 
sans, hemicelluloses, and cellulose, (11) lipids, phospholipids, and 
sterols, (12) minerals, (13) the halogens, sulfur, and selenium, 
(14) acidity, (15) wheat and flour pigments, and (16) vitamins 
of wheat and wheat products. 

Each chapter contains a digest of the more important papers 
that have appeared during the past two or three decades, with 
occasional briefer reference to older literature where this seemed 
desirable mainly for historical reasons. Quantitative data are 
quoted liberally in tabular form and the progress of research is 
told in a narrative style illustrated by the work that is being de- 
scribed. The references to the literature are given as footnotes 
on each page, thus assisting the reader by making it unnecessary 
to turn repeatedly to a collected bibliography at the end of the 
chapter. The author has resisted the temptation to include dis- 
cussion and description of the analytical and other methods used, 
leaving these to be looked up in the original by the student. 

The amount of scholarship and study that has gone into the 
preparation of this monograph is astonishing. As a rule, a 
specialist may be expected to have exhaustive knowledge of his 
field but usually this field is restricted in subject matter. Dr. 
Bailey, however, proceeds from proteins to lipids, to carbohy- 
drates, and to the inorganic components and the vitamins with 
apparently equal facility and grasp of the fundamentals. There 
is little reason to doubt that he is likewise at home with the ge- 
netics, the agronomy, and the technology of the wheat plant. 
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Certainly he has produced a volume well worthy to take its place 
beside Osborne’s monograph on the wheat proteins and one that 
will for many years serve as the point of departure for future 
students of the subject. 

It is a reviewer’s privilege to point out things that he does not 
like. In the present case these are few and of no great impor- 
tance; however, there are real objections to the use in a modern 
book of the old-fashioned term ‘‘amid nitrogen’ and ‘‘amid 
fraction” (in Chapter 7) without specific explanation of the mean- 
ing of this term as employed by the early investigators. To be 
sure, the term is enclosed in quotation marks when it first ap- 
pears, and, in most other cases, the authur is clearly quoting the 
usage of the investigator whose work is being discussed. But 
reports are included of studies in which substances other than 
asparagine have been identified in the protein-free aqueous ex- 
tract and since by no means all of these are even amino acids, a 
student might well be puzzled. One may also object to the fre- 
quent use of a figure followed by the plus-and-minus sign appar- 
ently to suggest the idea of ‘‘approximately.” It would be un- 
fortunate if this practice became common. There is an occa- 
sional failure to translate into its correct English equivalent the 
French term ‘“‘dosage’’ (e. g., on p. 33). But with so much that 
is of permanent value included, these points are of little signifi- 
cance. None of the occasional printer’s errors that were noted 
could lead to misunderstanding. 

The book as a whole is not easy reading. It is, as it should be, 
highly technical, and will doubtless find its chief use as the source 
of fundamental information for those concerned with the bio- 
chemistry of the wheat plant. The failure to include attempts 
to interpret the occasionally contradictory results that have ap- 
peared was deliberate on the part of the author, as he states in 
the introduction, and is perhaps a wise measure since it throws 
upon the new investigator the responsibility for forming his own 
judgments of the achievements of others. He is thus encouraged 
to assume an unbiased point of view in the interpretation of his 
own results. 

H. B. VICKERY 


ConngEcTICUT AGRICULTURAL EXPERIMENT STATION 
New Haven, CONNECTICUT 


GENERAL COLLEGE CHEMISTRY. M. Cannon Sneed, Professor of 
Chemistry, and J. Lewis Maynard, Assistant Professor of 
Chemistry, in the School of Chemistry, University of Min- 
nesota. D. Van Nostrand Company, Inc., New York, 1944. 
viii + 861 pp. Illustrated. 111 tables. 15 K 21cm. $3.75. 


According to the preface, ‘‘This text differs from ‘General In- 
organic Chemistry’ by the same authors in that the subject matter 
is presented more simply and in less detail; the text is designed for 
a first-year course in college chemistry, and should be readily 
assimilated by high-school graduates of average ability. It con- 
sists of 44 chapters, several of which may be omitted without 
breaking the continuity of the treatment, notably the chapters on 
organic chemistry, colloids, and the transitional elements. Be- 
cause of the outstanding importance of organic chemistry, two 
chapters are devoted to this subject; these serve only to point out 
its extent and usefulness. The chapters are designed for non- 
majors rather than for majors in chemistry.” 

Disregarding for the moment the merits of the book, the re- 
viewer would like to point out that he feels the above quotation 
to be misleading. The statement would lead one to believe that 
this book, “General College Chemistry,’”’ is a much easier and 
toned-down version of the more voluminous ‘“‘General Inorganic 
Chemistry.’’ Actually, as a page-by-page comparison revealed, 
the chief difference between the two volumes is that with minor 
revisions the older book has been reset in smaller type and printed 
on thinner paper. Most of the figures and illustrations have been 
retained. Upto Chapter 19 (the first 316 pages) the two volumes 
are almost identical. In some instances a few paragraphs have 
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been altered, a few new exercises have been substituted and the 
references brought up to date, but so far as ‘‘majors in chemistry”’ 
and “high-school graduates of average ability’? are concerned 
the changes would appear to be insignificant. In chapters 19 
and 20 the discussion of ‘‘Modern Ionic Theories’’ and ‘‘Applica- 
tions of Ionic Theory”’ is somewhat less complete than that given 
in chapters 17, 18, and 19 of the earlier text, but would still be 
considered a rather heavy assignment by many teachers. After 
this short divergence the two volumescontinue to be closely similar 
up to the section on organic chemistry, which has been entirely 
rewritten. The next major change is the removal of chapter 34 
on coordination compounds in a condensed version to chapter 43 
(Iron, Cobalt, and Nickel’). In the later chapters the changes 
consist of a condensation in the discussion of electrochemistry 
and less emphasis on metallurgy. The descriptive chemistry, 
except for that of the transitional elements, remains essentially 
unchanged. Thechapter on alloys has been omitted. The earlier 
text had no appendix and in the new text a few tables which had 
previously been printed in the body of the volume have been put 
at the end. These are: the tables on weights and measures, 
color scale of temperature, solubilities of inorganic substances, 
and the long table of stable isotopes. Thus the present volume 
appears to the reviewer to be more accurately described as a re- 
vised edition rather than a new and simplified textbook. 

These remarks, however, are not intended to be derogatory of 
either volume. Few texts have appeared which so completely 
meet the ideals of those who have been filling the pages of Tus 
JouRNAL with pleas for a more modern treatment in the freshman 
course. Unlike many texts which pay lip service to modern 
theoretical developments in the earlier sections and lapse into the 
obsolete traditional viewpoint in the later chapters on descriptive 
chemistry, ‘“‘General College Chemistry” is from start to finish 
consistently modern and up to date. In the chapters devoted to 
the chemical elements and their reactions the theories elaborated 
in the earlier sections are used consistently to explain the observa- 
tions, thus affording greater opportunity for genuine understand- 
ing. While the book may seem excessively long to many teachers, 
it should serve the student adequately as a reference book for his 
courses in qualitative and quantitative analysis and as a perma- 
nent additon to hischemical library. Thereferences following the 
chapters have been carefully selected and it is gratifying to sup- 
porters of THIS JOURNAL to note how many have been selected 
from its pages. 

The reviews of ‘‘General Inorganic Chemistry’? were very 
favorable and teachers may feel no hesitancy in selecting the 
present volume, “‘General College Chemistry,’ for students of 
better-than-average ability. 


LAURENCE S. FOSTER 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


CHEMICAL ENGINEERING THERMODYNAMICS. Barnett F. Dodge, 
Professor of Chemical Engineering, Yale University. Mc- 
Graw-Hill Book Company, Inc., New York, 1944. xviii+680pp. 
182 figs. and 1 chart. 25tables. 15 X 22.5cm. $6.00. 


Professor Dodge dedicates this book to his wife ‘‘who writes 
more exciting books.” And, the present reviewer would add, 
books that are much easier to read. 

This book has been long in the making. Professor Dodge con- 
fesses to 15 years; at least 10 years ago he ventured a promise to 
write the book. Now he apologizes for having written it, hoping 
that there is room for this one more text on chemical engineering 
thermodynamics. So far as the present reviewer and teacher of 
chemical engineering is concerned, there is still plenty of room in 
the field. Particularly there is needed now a textbook which will 
prepare the undergraduate to tackle Professor Dodge’s book in 
his senior year. If a competent chemical engineer could be pre- 
vailed upon to write a first-class textbook of physical chemistry 
for chemical engineering students the latter might then indeed be 
familiar with these ‘‘fundamentals that are in the curriculum of 
the first three years of any good undergraduate course in chemical 
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engineering.” Perhaps a “‘good undergraduate course in chemical 
engineering” could be defined as one which adequately prepares a 
student to use Professor Dodge’s thermodynamics text in his 
senior year. In any event, the senior who wades through this 
book in the course of a year will know that he has gone places. 

The plan of the book is set forth clearly in the Preface, from 
which the following excerpts are quoted: ‘‘The first two chapters 
are devoted to developing the fundamental concepts and defini- 
tions and especially the ideas underlying the two great laws of 
thermodynamics.”’ . . . ‘Once the concepts are presented, their 
development into usable tools becomes a purely mathematica! 
problem, and this is the method of approach adopted in Chapte- 
III.”’.. . ‘‘The next logical step was to extend the development to 
more complex systems, and that is the business of Chapter IV.”’.. . 
“After developing differential equations relating thermodynamic 
properties to the variables of state, the equations must be inte- 
grated. This requires pvt data, and so the next logical step is to 
review such data and the equations of state for expressing them. 
This is the task of Chapter V. Chapter VI then brings the differen- 
tial equations and the means of integrating them together and de- 
velops the numerical calculation of the thermodynamic properties. 
The first six chapters have laid the foundations for the applica- 
tions to specific operations and processes that constitute the sub- 
ject matter of the remaining seven chapters.” 

The plan above outlined has been executed with care and pre- 
cision. The inclusion of 135 solved problems will be extremely 
helpful to the student (perhaps even to the teacher). One could 
wish that the author had included another 135 problems, formu- 
lated but not solved in the book. Correct answers to hastily 
formulated problems are often an embarrassment to a lazy 
teacher. The abundant references to original articles constitute 
a valuable feature of the book. 

There is little that one may criticize in this book. 

It is not evident to the present reviewer that there is any com- 
pensating advantage for the awkward scheme adopted in number- 
ing the figures and equations. 

Here and there in the text the language used is not as crisp as it 
might be. For example, in the first paragraph of the book, the 
phrase ‘‘may be said’’ in lines one and eight serves no useful pur- 
pose. On page 13 why say “‘This simply means’? And why say 
“the well-known equation of the differential calculus’’? 

On page five the author might well have indicated that the 
identity of the ideal gas temperature scale and the thermody- 
namic temperature scale is not accidental. 

If Professor Dodge can predict what a crowd or large group of 
individuals will do, as he suggests on page 9, he is surely wasting 
his time teaching chemical engineering. 

The above-mentioned criticisms, and many similar ones which 
might be made, are trivial. Professor Dodge has produced a very 
excellent book, one which will be useful both as a textbook and 
as a reference in chemical engineering. May its kind increase! 

Harry A, Curtis 


UNIVERSITY OF MISSOURI 
Cotums1A, MissourI 


A Statement of Purposes by the 
American Council on 
15 X 23 


TEACHERS FOR OvuR TIMES. 
Commission on Teacher Education. 
Education, Washington, D. C.,1944. xix + 178 pp. 
cm. $2.00. 


The purpose of this book is to show the kind of teaching schools 
and kind of teachers the country needs. To this end the Com- 
mission makes three surveys: the existing conditions surround- 
ing the teaching profession, including types of teachers and types 
of preparation; the social and economic trends of the country; 
and the types of students. 

The conclusion is ‘‘that the purpose of teacher education is 
to produce good teachers, that excellence in a teacher is relative 
to the tasks that he ought to perform, and that those tasks should 
be determined with reference to the changing needs of children 
and the society in which the teaching is to be done.” 
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‘Heinrich Elasiwetz, 1825-1875 
(See page 55) 
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Editors Outlach 


Lge many chemistry teachers are aware of some 
of the weaknesses and shortcomings of their pro- 
fessional organizations, it is heartening to observe that 
the admirable points of such organizations are viewed 
with a wisp of envy by the biology teachers. Mr. 
Prevo L. Whitaker, president-elect of the National 
Association of Biology Teachers, an organization now 
in its seventh year, writes in the December, 1944, 
American Biology Teacher: 

“Physics and chemistry have not suffered in the 
curriculum exchanges; when the present war crisis came 
both of them were ready to fall into the training pro- 
gram of our boys who would soon go into service for 
their country. Why? Partly, at least, because they 
had organizations of long standing and [the subjects] 
were already respected components of the high-school 
curriculum. ... 

“We must not blame physics and chemistry for their 
splendid efforts nor their strong veteran organizations 
that command respect for their fields. There has been 
no intention on their part to hinder the progress of any 
other branch; they have merely taken advantage of 
their opportunities, and created opportunities when 
they could... .” 

The strong points of an effective professional organi- 
zation include: (1) a spirit of friendliness, integrity, 
and cooperation pervading all its enterprises; (2) fre- 
quent meetings at easily accessible centers; (8) pro- 
grams with appeal and vision; (4) participation in 
various phases of the organization’s activities by a 
large portion of the membership; (5) a sound financial 
basis, including, if possible, a growing reserve fund; 
(6) frequent contact with membership through pub- 
lications that help teachers (a) build background and 
(b) develop skill in classroom techniques; (7) a devoted, 
unselfish group of officers and members loyal in their 
support of the organization. 

Professionally minded teachers should take notice 
that the latest edict from Washington decrees that 49 
members of an organization may meet in convention, 
but 51 may not. The resources and ingenuity of 
officers of both chemistry and biology organizations 
will be doubly taxed. ; 

E. C. W. 


‘ 


| gehen circles are busy discussing the 
question: ‘What will happen when the boys start 
coming back to school?” There are many uncer- 
tainties and almost anything may happen. Strangely, 
there seems to be relatively little concern over the re- 
turn of the teachers. And there had better be, for 
there is plenty of uncertainty here, too. 

Many who have gone into industrial work during the 
war will be unwilling to return to the lower salary scales 
of the colleges. Many others will be impressed by the 
greater opportunity for research and professional ad- 
vancement in the industrial, governmental, and inde- 
pendent research institutions. The intangible factors 
which have weighed in favor of an academic career, 
even with its economic handicaps, may no longer be 
sufficient to keep our educational institutions staffed 
with high-class teachers and research workers. 

If this results, the loss to industry itself will be 
calamitous. Industry must clearly recognize its debt 
to the colleges and universities which supply its most 
valuable raw material—trained brains. The future 
may well see this recognition become a necessary bur- 
den upon industry. It will be a short-sighted policy 
to siphon off the cream of the academic crop of young 
scientists into the industrial and independent labora- 
tories, leaving only the more diluted fraction to keep 
our colleges going and assure a continuing supply. 

The suggestion that Dr. Quill makes elsewhere in 
this issue (page 72) is but one of many ways in which 
industry can help discharge its debt. Such temporary 
employment of teachers can indeed be of advantage to 
both parties. But it is only a heginning. Industry 
will probably be called upon to go much further. It 
has been suggested, for example, that industry ‘‘farm 
out” more of its fundamental research to the univer- 
sities, in the form of fellowships, grants-in-aid, etc. 
This has already been done to some extent of course, 
but it has been somewhat doubtful whether the practice 
would be extended. 

This whole question will soon be one of the most im- 
portant in the field of chemical education. Neither in- 
dustry nor the educational institutions will be able to 


overlook it. 
N. W. R. 


BOSTON UNIVERSITY 
GOLLEGE OF LIBERAL ARTS 
LIBRARY 
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HE Zakatalsk nuts, grown in Russia, have a vitamin C con- 
tent of 1.5 to 3 per cent, which is about 40 times the vitamin 
C€ content of lemons, oranges, and tangerines. 

Desthiobiotin is obtained by the desulfurization of biotin in 
aqueous alkaline solution. It “is equally as effective as biotin 
in stimulating the growth of Saccharomyces cerevisiae, and pro- 
duces a readily noticeable growth effect in a concentration of 
less than 1 part in 400,000,000,000.” 

According to the Office of War Information, the only current 
food shortage is in riboflavin. 

As much as 40 per cent of the riboflavin (vitamin Bz) content 
of milk in a milk bottle may be lost in a single hour by exposure 
to sunlight, whereas in three hours’ exposure to sunlight the 
vitamin loss may become as high as 72 per cent. 

Folic acid, a vitamin of the B group, is believed to be as- 
sociated w: > blood cell production, according to the National 
Institute of Health. ‘ 

Plexiglas cups are being used in the surgical treatment of 
arthritis. 

Radioactive zirconium may prove successful, according to the 
Kurbatovs of Ohio State University, in the treatment of cancer. 

Atropine and prostigmine, taken together, are reported to be a 
cure for seasickness. 

Effective penicillin action may be prolonged, according to 
Trumper and Hutter of the U. S. N. R., by chilling the area where 
the injection is made. 

By the use of a new electronic heating system, concentrates 
of purified penicillin solution can now be prepared in 30 minutes, 
whereas 12 hours were required formerly by freeze-drying in- 
stallations. 

Penicillin B, which has been isolated at St. Louis University, 
is 10 times more potent than penicillin against germs. 

A $5,000,000 plant for the production of 100,000,000 units of 
penicillin monthly is to be built in England under the super- 
vision of Commercial Solvents Corporation. 

Sulfamylon (p-aminomethylbenzenesulfonamide), which is one 
of the newest of the sulfa drugs, is particularly effective in the 
treatment of gas gangrene. 

A poferritin is the name given to the protein of the body which 
stores iron. According to Michaelis and Granick, of the Rocke- 
feller Institute of Medical Research, this protein stores iron “‘in 
the form of ultramicroscopically small granules or micelles of 
iron hydroxide, interspersed in the crystal lattice of the protein 
molecule.” 

Small briquets are used to absorb the salt from sea water and 
thus provide the life-boat survivors with drinking water. 

Eggs may be preserved for months at 31°F. if they are pre- 
viously treated with a film of highly refined, colorless paraffin-base 
oil. 

Our fighting men eat approximately 40 per cent more than 
they did as civilians. ‘ 

Concentrated frozen milk can be reconstituted, by a process 
of Doan and Leeder of Pennsylvania State College, into a product 
which is almost identical with fresh milk. 

2-Ethyl-1,3-hexanediol, produced by the aldol condensation 
of butyraldehyde, and subsequent reduction, is an effective mos- 
quito, chigger, flea, and gnat repellent. 

DDT-impregnated shirts, which protect the wearer against 
lice for two months, are now issued to the British troops for over- 
seas duty. 

DDT proved more effective against body lice, in the North 
African campaign, than any insecticide previously used. 

Dimethyl phthalate, according to du Pont, will replace cit- 
ronella oil as an insect repellent. 

Polythene, a polymer of ethylene, is a new du Pont plastic 
which is ‘“‘adaptable to the manufacture of products as varied as 
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collapsible tubes for toothpaste, waterproof coatings, piping, 
adhesives, and insulation materials.” 

In the world of tomorrow, your new home may be equipped 
with plastic hardware, such as luminous door knobs and hinges 
which will never squeak. 

A plastic suitable for insulating and wallboard material is pro- 
duced from potato pulp, a by-product.from potato-starch manu- 
facture. 

Stonoleum, a product of Continental Asbestos Refining Cor- 
poration, is a self-bonding, plastic-type flooring material, which 
may be laid over wood, concrete, or stone. It is very resistant 
to wear. 

A new textile from soybeans is being produced by the Drackett 
Company. This fiber “‘is elastic and resilient. . . and can be 
blended with both wool and cotton.” 

Fiber-Bonded is the trade mark used to designate certain 
high-strength yarns and fabrics, which are produced by coating 
fibers or fabrics with certain bonding resins. 

A nylon rope one-half inch in diameter can support a load of 
three tons. 

Sound waves of high frequency are employed by the du Pont 
scientists in the measurement of the elasticity of nylon. 

Nylon supports the war effort as a blood and plasma filter. 

Even spiders are contributing to the war effort in the pro- 
duction of silk for the cross-hairs of scientific instruments. A 
pound of spider silk sells for about $40. 

Peanut shells which formerly sold for $2.00 a ton as fuel will 
now command a price of about $7.50 per ton in the production of 
a synthetic substitute for cork. 

About 12,000,000 gallons of alcohol are produced annually in 
Sweden from waste sulfite liquor. It is estimated that alcohol 
can be produced in the United States from sulfite liquor at a cost 
of about 20 cents per gallon. 

Waste and surplus bananas in Jamaica are to be used in the 
production of alcohol. 

Dehydrated waste potatoes, according to plans, are to be 
shipped to fermentation plants for the annual production of 
8,000,000 gallons of alcohol. 

Alcohol is being used in the synthetic rubber program at the 
rate of about 150,000,000 highballs a day. 

Triptane, the most powerful hydrocarbon known for use in 
internal combustion engines, is now being produced at less than 
one dollar per gallon, whereas the first gallon of this product 
probably cost about $3000. 

The synthetic toluene plant at Whiting, Indiana, is producing 
enough toluene to make hundreds of tons of blockbusters every 
day. 
About 95 per cent of the nickel, 75 per cent of the asbestos, 
20 per cent of the zinc and mercury, 15 per cent of the lead, and 
12.5 per cent of the copper used by the United Nations is pro- 
duced by Canada. 

Synthetic sapphires play a very important role in the pro- 
duction of war precision instruments. 

A 1 per cent aqueous solution of morphiline, or even the vapors 
of morphiline, may be used to prevent the tarnishing of silver- 
ware. 

The electrolytic plating of aluminum with silver produces a 
lightweight product with high conductivity. 

The production of the materials for the construction of a battle- 
ship requires over 1000 different chemicals. 

There was no sugar untit the 13th century, no coal until the 
14th century, no buttered bread until the 15th century, no po- 
tatoes and no tobacco until the 16th century, no tea or coffee 
until the 17th century, no telephones, no gas, and no matches 
until the 19th century. 

Ep, F. DEGERING 

















cal 
wa 
Hl 
clit 
ac 
por 
che 
che 





































Heinrich Hlasiwetz (1825-1875) 


MORITZ KOHN 
New York City 


(Tvanslated by Ralph E. Oesper, University of Cincinnati, Cincinnati, Ohio) 


N HIS biographical sketch of Baeyer, Willstatter! 
tells how his revered teacher and predecessor was 
called to Munich. When Liebig died (1873), Kekulé 
| was offered the post. He refused to leave Bonn, and 
Hlasiwetz, of Vienna, was approached. He also de- 
clined; Baeyer, of Strassburg, was then called and he 
accepted. The man who was ranked by his contem- 
poraries as of sufficient calibre to occupy Liebig’s 
| chair certainly should be included among the Austrian 
chemists whose achievements are being recorded in this 
series of biographical sketches.” 
Heinrich Hlasiwetz was born on April 7, 1825, at 
] Reichenberg (Czechoslovakia). As the son of an 
| apothecary, he was expected to follow his father’s pro- 
fession. He studied pharmacy at Jena, and after he 
| had also finished a course in the practical side, he ob- 
| tained his Pharm.M. at Prague in 1848. The next 
j year he was awarded a doctorate in chemistry. His 
| academic career began at Prague where he was assistant 
} to Rochleder (1819-74), a distinguished plant chemist. 
| Two of the latter’s triumphs will suffice to show his 
| stature. In 1845, in collaboration with Wertheim, he 
| isolated a volatile base, piperidine, by alkaline fission 
|} of piperine, the alkaloid of pepper. He was the first 
) (1850) to prepare the pure glucoside of. alizarin from 
' madder root. He named this new substance rubery- 
) thric acid. 

Hlasiwetz did such notable work during his assistant- 

ship at Prague, that he was appointed to a professor- 
ship at the University of Innsbruck in 1851. Hence- 
forth, chemistry was to be treated there as an inde- 
| pendent discipline. Hlasiwetz worked at Innsbruck 
until 1867, when he was called to the Vienna Poly- 
technic as professor of chemical technology. When 
| Schrétter, the discoverer of red phosphorus’ assumed 
the mastership of the Mint at Vienna, Hlasiwetz 
succeeded him (1869) as professor of general chemis- 
try. He retained this chair until his untimely death on 
October 8, 1875. 

Hlasiwetz was only six years younger than Roch- 
leder, but he was decisively influenced in his scientific 
learnings by his chief; he can thus be regarded as 
Rochleder’s student. Another prominent Austrian 
chemist, Zd. H. Skraup‘ was also Rochleder’s student. 


-_-— 


1 WrtsTATTER, R., “Das Buch der grossen Chemiker,” 
Bugge (ed.), Verlag Chemie, Berlin, 1929, Vol. 2, p. 328. , 

2 See, for instance, the account of Hugo Weidel’s career by 
M. Koun, Tus JourNAL 21, 374 (1944). 

3 Koun, M., Tuts JOURNAL, 21, 522 (1944). 

‘ Koun, M., Tuts JouRNAL, 20, 471 (1943). 
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The latter, who later taught at the University of 
Vienna from 1870 to 1874, deserves the credit for 
having induced Skraup to take up the study of cin- 
chona alkaloids. 

At Innsbruck, Hlasiwetz could not begin his scientific 
labors until he had provided all the necessary equip- 
ment and materials; in fact he even had to install a 
laboratory. He accomplished big things with the 
modest facilities afforded by the little university. The 
studies that were issued from the newly founded de- 
partment aroused the respect of the chemical world. 

Phloridzin, the glucoside contained in the root bark 
of various fruit trees, is split by dilute acids into glu- 
cose and phloretin. When Hlasiwetz subjected phlore- 
tin to the action of alkalies (1855) he discovered a new 
compound, which he was to encounter in numerous 
other studies. Because of its sweet taste, he suggested 
the name phloroglucin (II). A second product is 
phloretic acid (III), which is now known to be 4- 
hydroxyhydrocinnamic acid. The decomposition of 
phloretin (I), a polyhydroxy ketone, can be formulated: 


OH OH 


COCH.CH:< OH +KOH = 
ve HO Jo 


OH 

Phloroglucin was studied in more detail by Hlasiwetz 
and Pfaundler in 1861.5 

In 1858, Hlasiwetz, assisted by von Barth, investi- 
gated beechwood creosote. This is the alkali-.siuble 
fraction (b. p. 200° to 220°) obtained when beech- 
wood tar is distilled. He found it to contain very con- 
siderable quantities of a compound, CsH1O2, which he 
named creosol. Another constituent which he found 
was guaiacol, that had long been known because 
Unverdorben had obtained it in 1826 by dry distilla- 
tion of guaiacum resin. When Hlasiwetz distilled 
this resin he found the distillate to contain also creosol. 


5 Only two of his Innsbruck collaborators will be noted here. 
Leopold Pfaundler (1839-1920) later turned to physical chemis- 
try and then to physics. He became well known as an experi- 
mental physicist and taught with success at Innsbruck and Graz. 
Ludwig von Barth (1839-90) studied under Hlasiwetz, and even- 
tually succeeded him at Innsbruck. He was professor of chemis- 
try at the University of Vienna at the time of his death. Among 
the coworkers at the Vienna Polytechnic was Josef Habermann 
(1841-1914). From 1875 to 1911 he was professor at the Poly- 
technic in Briinn, the city made famous in scientific circles by 
Gregor Mendel. 
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Hugo Miiller (1864) showed this compound to be the 
methyl ether of homopyrocatechol (IV), 7. e., it is 4- 
hydroxy-3-methoxy-1-methyl-benzene (V): 


CH; ‘CH; 
es OCH; 
OH OH 
IV V 


In 1859 Hlasiwetz reported on the action of potas- 
sium cyanide on picric acid. He obtained the potas- 
sium salt of an acid, which he called isopurpuric acid 
because of its resemblance to purpuric acid. A num- 
ber of salts of the new acid were prepared and ana- 
lyzed. The intense red solution of the potassium salt 
is a familiar test in the detection of picric acid.® 

Baeyer was working on this substance at about this 
same time, but Hlasiwetz unquestionably earned prior- 
ity. Kekulé, then professor at Ghent, discussed this 
matter in his letter of June 16, 1859, to Erlenmeyer :’ 

“Before he left, Baeyer gave me the results of his 
two last researches for publication in the Brussels 
Academy. Youknow: cyanic acid and the picric acid 
product. The very day he left we received the June 
issue of the Annalen. Hlasiwetz’ isopurpuric acid is 
identical with Baeyer’s compound. So once again 
Baeyer has missed the boat. ... The poor devil of 
course doesn’t know it yet.’ Not until 1904 did 
Borsche elucidate the complicated structure of isopur- 
puric acid. 

The bark of the American oak, that is used for dye- 
ing silk and wool, contains the glucoside quercitrin. 
Rochleder and Hlasiwetz had studied this material in 
1852. It is split into a sugar and quercetin by the ac- 
tion of dilute mineral acids. Hlasiwetz and Pfaundier 
isolated the quercitrin sugar in 1863. This material 
had been in the hands of various investigators, but had 
never before been obtained pure. They found that its 
empirical formula is CsHiOs and. showed that iso- 
dulcite, as they called it, easily loses a molecule of water 
to give an anhydride, CsH2O;. In 1887 and 1888, Emil 
Fischer and Tafel, and later others, showed that isodul- 
cite is a methyl aldopentose containing one molecule 
of water, namely, rhamnose, CH;(CHOH),CHO-H,O. 
It has now been shown that rhamnose can be iso- 
lated from quite a variety of plant juices. 

Hlasiwetz and Pfaundler, in 1864, showed that 
phloroglucin and protocatechuic acid are produced 
when quercetin is fused with caustic alkalies. In 1867 
he and Malin found quercetin in tea leaves. The syn- 
thesis of quercetin, one of the most widely distributed 

vegetable dyes, was accomplished in 1904 by Kosta- 
necki, Lampe, and Tambor. 

The outstanding studies of resins by Hlasiwetz and 
Barth were published from 1864 to 1867. They in- 
troduced in this area of research the important method 





6 Feict, F., ‘Qualitative Analysis by Spot Tests,’’ Elsevier 
Publishing Co., New York, 1939, p. 270. 

7 ANSCHUTZ, R., ‘‘August Kekule,’”’ Verlag Chemie, Berlin, 
1929, Vol. 1, p. 152. 
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of oxidative fission by fused alkali. When galbanum 
was subjected to this treatment, they obtained a mate- 
rial which these keen observers at once recognized as 
quite similar to orcin. This compound had been dis- 
covered in 1829 by Robiquet, who was investigating a 
lichen. Hlasiwetz and Barth stated: ‘We propose 
for the new compound that we have discovered, that 
can also be obtained from gum ammoniac, the name 
resorcin, since this indicates its production from resins 
and its relation to orcin.” Resorcin eventually be- 
came of great importance in the dye industry. 

They found that only those resins that are formed 
from dried latexes, presumably with participation of 
atmospheric oxygen, or that are extractive in nature, 
are attacked by fused caustic alkali and give well- 
characterized fission products. Phloroglucin, resorcin, 
protocatechuic acid, p-hydroxybenzoic acid are es- 
pecially frequent products. 

These studies also led to observations on the prepara- 
tion of artificial resins. Hlasiwetz and Grabowski 
found that benzaldehyde when treated with phos- 
phorus pentoxide produces a resin, which in turn gives 
benzoic acid and p-hydroxybenzoic acid when fused 
with caustic alkali. 

Hlasiwetz and Barth also found that asafetida resin 
(ferula resin) contains an acid which they named ferulic 
acid. Many years later, it was found to be 4-hydroxy- 
3-methoxy-cinnamic acid (VI). Caffeic acid is closely 
related to ferulic acid. Rochleder as early as 1847 
had worked on caffetannic acid, which can be ex- 
tracted from coffee beans. Hlasiwetz discovered caffeic 
acid when he treated caffetannic acid with caustic 


potash (1867). It was later shown to be 3,4-dihydroxy- 
cinnamic acid (VII). 
CH=CH-COOH CH=CH-COOH 
OCH; OH 
OH OH 
VI VII 


Consequently, ferulic acid is the 3-methyl ether of 
caffeic acid. 

Hlasiwetz also introduced: a new method into sugar 
chemistry, namely, oxidation by halogens (Cl, or Brz). 
In 1862, he and Barth subjected lactose to the action 
of bromine. They obtained the hexonic acid, CsH1:,0;, 
that is now known as d-galactonic acid. When he and 
Habermann (1870) treated sucrose, as well as glucose 
with chlorine, both these sugars yielded d-gluconic acid, 
CsHO;. The value of oxidation by means of halogens 
was by no means exhausted by these instances, in which 
it led to the discovery of these two hexonic acids that 
have played such prominent roles in sugar chemistry. 
Many years later, Emil Fischer, as well as other stu- 
dents of the field of polyhydroxy compounds, used this 
procedure advantageously both for preparative ends 
and in the solution of problems relating to the struc- 
ture of these materials. 


(Continued on page 73) 
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A Molecular Motion Projector 


WILLIAM S. VON ARX 


Yale University, New Haven, Connecticut 


rq HIS instrument is offered as a visual aid in teaching 

the concepts of the states of matter and their rela- 
tonships. The projected image is a shadowgram of 
particles in motion which behave very much as atomic 
aid molecular particles are supposed to behave in na- 
ture. The image produced is analogous to that which 
might be expected from a microscope having a linear 
resolving power of about 0.1 A. U. and a field of view 
oi perhaps 500 A. U. diameter. A series of very simple, 
definite changes in the adjustment of the apparatus 
produces, with convincing realism, a remarkably large 
repertoire of demonstrations. A list of these is as fol- 
lows: 


GENERAL CONCEPTS 

The gross aspects of atoms and molecules: 
tions of mass. 

The ceaseless motion of material particles. 

The energy of atomic and molecular motion as a function of 
temperature. 

The concept of mean free path. 

The concept of mean free time. 


fuzzy concentra- 


EQUILIBRIUM STATES 

Gas-liquid equilibrium including illustration of the critical 
point. 

Gas-solid equilibrium. 

Liquid-solid equilibrium. 

The effects of changing pressure and temperature on these 
equilibria. 


THE GAS PHASE 

Complete lack of organized position, or direction of particle 
motion. 

Gaussian velocity distribution. 

Shift of modal velocity as a function of temperature. 

Mean free path as a function of pressure. 

Unilateral pressure on a membrane as a function of tempera- 
ture. 

Bilateral pressure on a membrane—gage pressure. 

Osmotic pressure on a semipermeable membrane. 

Dalton’s Law of Partial Pressures. ; 

Brownian motion in gases. 


THE LIQUID PHASE 
Transitory quasi-crystalline positioning of particles. 
Liquid-vapor equilibrium as a function of temperature. 
(Contrast of mean free path in the two phases). 
Transition from liquid properties to gas properties at the criti- 
cal point. 
Brownian motion in liquids. 


THE SOLID PHASE 

Development of crystals from the liquid phase and from the 
amorphous state. 

Idiomolecular transfer and the development of minimum sur- 
face forms. 

Fixed crystalline domains—oscillation of particles around 
Mean positions. 

Development of intermolecular bonds as an inverse function of 
distance. 

Sublimation, 


The annealing process. 

Ejection of impurities from growing crystal lattices. 

Rule of optical discontinuity in the development of new crys- 
tals. 

Hexagonal close packed layering. 

Cubic close packed layering. 

Negative crystals. 


The projection apparatus consists of two essential 
parts: a glass shaking table, and an optical system. 


THE SHAKING TABLE 


The shaking table is made of a piece of '/,-inch plate 
glass 4 inches square mounted on a heavy brass frame 
surrounded by a molding of angle brass to act as walls. 
The particles roll about on the glass and rebound from 
the brass retaining walls. The whole table is suspended 
from the skeleton framework of the apparatus by four 
1/,s-inch brass rods 6 inches long. These are soldered 
to the shaking table at one end and fitted with threaded 
leveling sleeves at the other. The sleeves pierce corner 
braces of the framework and are equipped with lock 
nuts which bear upon the braces, locking the table once 
it is adjusted level. The shaking table is driven by a 
clockwork which is rigidly fixed to the table and moves 
with it. The clockwork has been stripped of all but the 
driving train and a heavy lead eccentric mounted on the 
last rotating arbor. Since the power at this remote 
point is very small, the spring will have difficulty turn- 
ing the movement except when the works is oscillated 
in such a way that the center of gravity of the eccentric 
contains the axis of rotation of the eccentric which re- 
mains stationary in space as the train unwinds. The 
eccentric will turn at whatever rate the works is oscil- 
lated. The shaking table has two natural frequencies 
of vibration: (1) as a conical pendulum, (2) as a tor- 
sional pendulum. ‘The eccentric, will assume either 
frequency of rotation and the unwinding spring will 
supply energy to the system, keeping the amplitude 
constant. In each case the eccentric frequency is gov- 
erned by the shaking table frequency and, once syn- 
chronized, the two will run without further attention 
until the spring is unwound. 


AUXILIARY APPARATUS AND ADJUSTMENTS 


The shaking table is equipped with a tilting screw 
under one edge of the glass to rotate the table out of 
level by known amounts. This produces the liquid and 
solid phases, a technique to be discussed later. There is 
also a flexible membrane which may be swung in place 
to perform the pressure demonstrations. The mem- 
brane is simply a paper strip approximately 1/, inch 
high and slightly shorter than the width of the glass 
plate on the shaking table, to fit comfortably within the 





retaining walls. This strip is held in smooth-running 
brass guides so that it will move with the shaking table 
lengthwise, but not thickness-wise, acting as a flexible 
wall which prevents the particles from passing from one 
compartment of the shaking table to the other. When 
projected on the screen the membrane is apparently 
fixed at both ends but free to bow outward or inward 
according to the resultant pressures of the particles 
on either side. The brass guides are mounted on 
threaded columns so that they may be raised and low- 
ered and swung aside, and locked by lock nuts in any 
position. When the membrane is lifted from the shak- 
ing table sufficiently for the smallest particles to pass 
under, by raising the guides, it will remain a barrier to 
all larger particles and demonstrate osmotic pressure as 
an idealized semipermeable membrane. 


THE OPTICAL SYSTEM 


The optical system of the apparatus is essentially a 
periscope: a train of two mirrors with the transparent 
shaking table between. The bottom mirror reflects 
the inclined beam from an arc light upward through 
the shaking table while the top one reflects the beam 
toward the wall ora screen. The particles on the shak- 
ing table appear as shadows on the screen. The field of 
view is vignetted by a pair of adjustable masks in each 
of the two coordinates of the field. The light source is 
the anode of a carbon arc. Heavy anodes are used in 
order to develop a marked penumbra around the 
shadow of each particle. This gives the particles a 
fuzzy appearance at the edges with a small dark central 
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condensation representing the modern picture of the 
electron fields surrounding atomic nuclei. As two par- 
ticles come near each other the penumbrae are proxi- 
mally occluded and the central dark condensation dis- 
torts by extension toward the approaching particle, 
simulating what might be a chemical bond. In crystal 
lattice images this bonding is very marked. The in- 
tensity of the bond is represented by the blackness of 
the shadow which is an inverse function of the distance 
between adjacent particles. 


SOURCES OF PARTICLE ENERGY 


The energy of particle motion on the shaking table is 
supplied in part by collisions with the other moving 
particles, the brass retaining walls, and in part by the 
moving glass. It is found that perfectly spherical par- 
ticles are unsatisfactory for the operation of the instru- 
ment. Slightly flattened or irregular particles totter on 
the moving glass, thereby picking up enough energy 
from the table to roll away. A large number of impacts 
occur between particles, yet careful scrutiny shows that 
some particles move as though struck by “unseen 
particles in another plane.” This produces an illusion 
of depth. The effect is very similar to observing Brown- 
ian motion of particles as they move through the focal 
plane of a microscope. 

The mean energy with which the particles move de- 
pends upon the total energy of the shaking table mo- 
tion and the ratio between the periods of oscillation of 
the shaking table and the tottering aspherical particles. 
If these periods are identical, the maximum energy of 
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motion is supplied to the particles. If they are integral 
multiples of each other somewhat less energy is trans- 
mitted. If they are nonintegral multiples very little 
energy is transmitted. Similarly, a variation of shaking 
table amplitude has a marked effect; since the par- 
ticle’s topple period is a function of topple amplitude. 

To achieve complete control over the shaking table 
frequency, one or more of the lock nuts on the leveling 
screw sleeves may be loosened. This decreases the 
restoring force supplied by the brass suspension rods, 
reducing the frequency of table oscillation. The ampli- 
tude is reduced as well, since a great deal of energy is 
consumed in rocking the suspension rods in their 
mountings Both effects conspire to reduce the energy 
of particle motion. These changes in particle energy 
are used in demonstrating the response of the particles 
to changes of ‘‘temperature.”’ 


THE PARTICLES 


The particles used are of several sizes and materials. 
The gas molecules are ordinary BB shot which are ir- 
regular enough in sphericity and smoothness to pick up 
large amounts of energy from the moving glass, and 
heavy enough to produce a considerable effect upon 
larger particles during impact. For the Brownian mo- 
tion demonstration, larger smooth round steel ball 
bearings are used in order that they may not pick up 
energy from the glass but move entirely at the mercy 
of the colliding BB’s. For the osmotic pressure dem- 
onstration, large steel ball bearings are used in order 
that they may be readily distinguished from the smaller 
lead particles. These particles are roughened so as to 
move energetically. Their large size prevents them 
from passing under the pressure membrane as the 
smaller particles do, consequently the membrane be- 
haves semipermeably. The numbers of particles em- 
ployed are as follows: 

Gas phase 
Liquid phase 
Solid phase 


Brownian particles 
Osmotic particles 


50 BB’s 
200 BB’s 
Fill the shaking table 
Two */s-inch ball bearings 
Ten 1/,-inch ball bearings 


Rough 
Rough 
Rough 
Smooth 
Rough 

To count the numbers of particles placed on the 
shaking table rapidly and easily, one of a set of brass 
angles may be placed in the corners of the shaking 
table, enclosing a space capable of holding only the re- 
quired number of BB shot. Three are required; one 
of 50-BB capacity for gas phase demonstrations, one of 
350-BB capacity for liquids, and one of 200-BB ca- 
pacity for liquid-gas equilibria. The solid phase em- 
ploys the entire area of the stage and as packing pro- 
gresses more shot must be added to fill the frame. 
Efficient removal of large numbers of BB shot is best 
accomplished by a scoop with a long flat blade for 
close contact with the glass. By scooping the shot 
against the retaining walls of the shaking table the 
table can be cleared in a matter of seconds. 

OPERATIONAL TECHNIQUE 

The procedure of setting up and adjusting the in- 

strument follows a regular order: 


59 


Orient the instrument as it is to be used during 
projection. : 

Level the shaking table with the leveling screws 
by watching the behavior of 20 or 30 shot while 
the clockwork runs. When there is no pref- 
erential motion or grouping over a period of 10 
or 15 seconds, the table is sufficiently level. 

Turn on the arc light, making sure that the end- 
on carbon is the anode and the larger of the 
two. Set it as close to the lower mirror of the 
instrument as possible. 

Adjust the mirror so that the image falls on the 
desired area and then vignette the field with 
the substage masks until the motion of the 
shaking table is occulted. 


These adjustments must precede demonstrations 
whenever the instrument has been moved to a new lo- 
cation, since the shot responds strongly to small incli- 
nations of the shaking table. The reasons for the order 
of procedure are clearly these: orientation precedes 
leveling to avoid deleveling the shaking table by turn- 
ing the instrument between adjustment and operating 
positions. Concerning step three, the anode is te 
hotter of the two carbons in a d.-c. arc, hence the 
brighter. A large bright circular and effectively single 
source will cause the shadows of the particles to be sym- 
metrically diffuse, giving the desired picture of the 
conventional electron clouds surrounding atomic nuclei. 
The shorter the optical path between the hot carbon 
and the particles on the shaking table, the larger the 
projected field and the fuzzier the appearance of the 
particles. Lastly, step four; vignetting the field, so 
that the shadow of the moving shaking table is oc- 
culted, increases the realism of the demonstration since 
there is no apparent source for the energy of particle 
motion. The particles move busily about the field, 
which is defined by soft but fixed boundaries. If sharp 
boundaries are preferred the field masks may be in- 
stalled near the top mirror where they cut the beam at 
the last possible instant before leaving the instrument. 
Sharpened field boundaries exaggerate the apparent 
fuzziness of the particles and are,in that sense advan- 
tageous. ; 


DEMONSTRATIONS OF THE STATES OF MATTER 


It should be remarked before describing the demonstrations in 
detail that the analogy between the demonstrations and their 
assumed physical mechanism in nature is very close for gases, 
only approximate for liquids, and theoretically impossible for 
solids. 

The particles on the stage are free moving and mutually non- 
attractive. Upon contact with each other elastic forces of repul- 
sion are present, and hygroscopic moisture induces short-range 
forces of attraction. The conditions thus approximate all the 
physical requirements for a real gas at all pressures. 

According to the latest physical ideas, liquids are composed of 
quasi-crystalline groups and groups of groups as a result of inter- 
particle forces of attraction. While the projector yields images 
of particles behaving in this manner, the cause of the behavior 
is not mutual attraction but merely physical crowding, so that the 
model is in that sense imperfect. At supercritical temperatures 
the analogy becomes perfect once more. 
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The solid state images are produced by a single layer of parti- 
cles representing a monomolecular. thin section through one of 
the principal planes of a crystal. The impossibility of a two- 
dimensional lattice has been demonstrated theoretically and 
furthermore the strong attractive forces sustaining the lattice 
are absent. 

To be quite rigorous then, it should be stated whenever the 
instrument is used that the images are to be considered as mono- 
molecular thin sections through the solids, liquids, and gases rep- 
resented and that the mechanism behind the effects shown is 
faithfully analogous to nature only in the case of gases, and liquids 
at supercritical temperatures. 


Since the projected images of solids, liquids, and 
gases produced by the molecular motion projector are 
in effect enormously magnified, the ordinary criteria 
for the identification of the states of matter fail, and 
new ones must be supplied. 

Gas: Particles move freely from impact to impact in 
straight lines over mean free paths arbitrarily chosen 
to be greater in length than one particle diameter. 
The mean free time of motion is very much greater than 
the relatively instantaneous time of impact. 





Gas PHASE PRODUCED BY 50 SHOT ON A Four-INCH- 


SQUARE STAGE. THE IMAGES OF MANY SHOT ARE 
MASKED OFF TO PREVENT THE STAGE MOTION FROM 
BEING VISIBLE. 


Liquid: Particles move freely and as individuals or 
couples from one quasi-crystalline group to another. 
The mean free time is arbitrarily chosen to be from 
only a little greater than, to considerably less than, the 
mean time spent in the company of other particles com- 
posing a quasi-crystalline group. A quasi-crystalline 
group is composed of rarely more than three or four 
particles in approximately cubic, rhombic, trigonal, or 
other simple geometric arrangement. 

Solids: Particle motion is restricted to local excur- 
sions of less than one particle diameter from a fixed 
point of mean position which may or may not bear sys- 
tematic geometrical relationship to other fixed points of 
mean position. The mean free times of independent, 
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free-moving particles is small with respect to the time 
spent in near contact with adjacent particles. 


GASES, LIQUIDS, SOLIDS, AND POLYPHASE EQUILIBRIA 


The gas, liquid, and amorphous solid states of matter 
can be reproduced by simply increasing the number of 
particles on the shaking table. Fifty particles of BB 
shot moving on a four-inch square shaking table yields 
a model of a gas. Increasing the number to 350 pro- 
duces motion of the sort to be expected at the critical 
point at which both liquid and gas properties are mani- 
fest, viz., a combination of independent particle motion 
characteristic of gases, with group motion of tempo- 
rary quasi-crystalline aggregates composed of free- 
moving particles characteristic of liquids. Further 
increase in numbers of particles reduces the gas type 
of motion until liquid conditions prevail. The solid 
state begins when the temporary quasi-crystallirie 
aggregates of the liquid phase become permanent. 
Particle exchange between aggregates diminishes until 
finally the stage is so crowded with particles that ex- 
change ceases altogether. This state is characteristic 
of amorphous, isotropic solids. To induce crystalliza- 
tion a sorting process must be introduced whereby the 
low energy particles may be collected in one part of the 
stage and packed. This is accomplished by tilting the 
stage with one of the tilting screws under the glass plate. 
Once tilted, the particles pack on the stage with grati- 
fying rapidity, often producing more than one crystal. 
When two crystals form they vie with each other for 
supremacy in size. An intercrystalline commissure 
exists between them in which the particles have vastly 
greater freedom of motion than their packed neighbors. 
The freedom of motion across the intercrystalline 
boundary is characteristic of the gas phase'and there- 
fore may be classified as idiomolecular transfer. Par- 
ticles from the smaller lattice can be seen working 
across to the larger lattice in a manner which produces 
minimum area forms on the boundaries of each. 


POLYPHASE DYNAMIC EQUILIBRIUM 


Stage tilting in addition to increasing the number of 
particles produces the equilibrium states between gases 
and liquids, gases and solids, liquids and solids, and 
amorphous and crystalline solids. 

Beginning with the gas phase on a level table (50 
particles), very slight tilting causes the low energy 
particles to collect on the lower edge of the plate, pro- 
ducing the group and motion characteristics of the 
liquid phase. Occasionally some of the high-energy 
particles from the liquid phase break away and enter 
the gas phase region. Conversely, some of the gas 
particles lose their energy and fall back into the liquid 
phase region. Dynamic equilibrium is soon estab- 
lished. Loosening the lock nuts on one, two, then three 
of the leveling sleeves, the total energy of the shaking 
table system may be decreased with a corresponding 
change in the equilibrium proportions of liquid and solid. 
This demonstrates the change of vapor pressure over 
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liquids as a function of temperature. The vapor pres- 
sure may be shown to change by swinging the pressure 
membrane in place over the gas phase region of the 
stage. Increased vapor pressure will bow the mem- 
brane more sharply, demonstrating the pressure change. 

The gas-solid equilibrium may be demonstrated with 
about 200 particles by tilting the stage more than it is 
tilted for the gas-liquid equilibrium. In this case the 
low-energy particles are trapped by the packing process 
which prevents their picking up kinetic energy from 
the moving glass underneath. Once trapped they stay 
in lattice arrangement up to the boundary between the 
solid and gas phases. At the boundary the particles 
are only temporarily packed and may pick up enough 
energy to sublime. _Few particles accomplish this, 
hence the gas phase is characteristically tenuous, but in 
equilibrium with the solid phase nevertheless. The 
vapor pressure may be increased by winding the spring 
of the driving clock thereby increasing the total energy 
of the system, or by lessening the tilt of the shaking 
table. Lessening the tilt reduces the restrictive bonding 
of the packed particles, the lattice becomes looser and 
the vapor pressure much higher, both of the latter ef- 
fects being characteristic of hot solids and their vapor 
phases. Further relaxation of the tilt of the shaking 
table, bringing it almost level, allows the packing to 
loosen enough for the particles to gather energy. Soon 
the entire lattice is in a state of violent motion, break- 
ing up at last into the liquid phase with a very dense 
gas phase above it. The melting process is thus illus- 
trated. Freezing may be reproduced by reversing the 
procedure; viz., increasing the tilt of the shaking table 
by two steps; one, slight tilt to allow liquid-gas equilib- 
rium to establish itself, and two, stronger tilt to induce 
crystallization of the liquid phase. 

Amorphous solids may be reproduced by nearly 
filling the leveled shaking table with particles and run- 
ning the driving clock in synchronism with the torsional 
period of the shaking table. The freedom of motion of 
the particles is so restricted that they pack in small 
groups but not in recognizable crystal systems. Par- 
ticle motion is of the restricted variety around mean po- 
sitions which characterizes solids, and is distinct from 
liquids in that the particles are not free to wander from 
group to group. 

The annealing process may be demonstrated after the 
amorphous solid is established, by tilting the table very 
slightly and increasing the period of oscillation to that 
of conical motion. The mean free time of the particles 
is more nearly commensurate with this period, hence 
they have more opportunity to gather energy and 
“heating” results. Very slight tilting at this point in 
the demonstration will induce packing, slow ‘“‘cooling.”’ 
As packing proceeds one or two centers will dominate 
the scene and gradually incorporate less competent 
centers, forming minimum surface crystalline forms. 
These forms enlarge at the expense of all others until 
finally all the particles are packed and no longer free to 
transfer. The solid is then ‘‘cold’’ and coarsely crys- 
talline—annealed. 
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GAS PHASE PHENOMENA 


The gas phase phenomena of particular interest are 
demonstrations of unilateral pressure on a membrane, 


DYNAMIC EQUILIBRIUM BETWEEN A LIQUID AND ITS 
Vapor. THE LINEAR BOUNDARY IS THE SHADOW 
OF A WIRE WHICH HELPS TO EMPHASIZE THE DIF- 
FERENCE BETWEEN FREE GAS MOTION AND RE- 
STRICTED QUASI-CRYSTALLINE LiQuID MOTION. 


Dalton’s law of partial pressure, bilateral pressure on 
a membrane, osmotic pressure, and Brownian motion. 
The membrane used in pressure demonstrations has 
been described earlier. It acts asa flexible barrier di- 
viding the shaking table into halves. 


UNILATERAL PRESSURE ON A MEMBRANE. THE 
MEMBRANE IS A FREE-MOVING PAPER STRIP WHICH 
BENDS UNDER THE IMPACT OF THE MOVING SHOT. 


Unilateral pressure can be demonstrated by placing 
shot on only one side of the membrane. This pressure 
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are easily identified. Particles of one size alone will @ it 
flex the membrane a certain amount. These par. §@ st 
ticles are then cleared away and the other particles @ st 
allowed to flex the membrane. If the amplitudes of @ p: 
flexure are measured roughly in each case, it will be 
found that when both sizes of particles are introduced § Ww! 
simultaneously the flexure will have an amplitude which § sa 
is the sum of the two. Since the amplitude of flexure @ T! 
is a measure of the pressure upon the membrane, Dal- § be 
ton’s law is shown to hold. gli 
Gage pressure, or bilateral pressure on a membrane, 
can be shown by putting particles on both sides of the § ab 
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, OF OSMOSIS BUT IT EMPHASIZES THE FREEDOM OF 
MOTION OF THE SMALLER PARTICLES ‘‘THROUGH”’ 
THE MEMBRANE AND MAKES THE ORIGIN OF THE 
PRESSURE READILY UNDERSTANDABLE. 












energy with which they move. The total energy of 
particle motion can be controlled by the tightness of 
the clock spring in the driving mechanism and also by 
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jected image. To begin with, the small particles and 
large particles may be separated by the barrier before 
it is raised. As soon as the stage is set in motion the 
small particles will distribute themselves all over the 











ar- 
sea stage by rushing into the field occupied by the larger 
les of J particles and unbalanced pressure is established. 
ill be Brownian motion can be demonstrated in connection 
juced @ with either the liquid or gas phase. The technique is the 
which @ same for both, merely the numbers of shot are different. 
exure The Brownian particles are relatively large smooth ball 
Dal- @ bearings. These particles spin easily on the moving 
glass of the shaking table but do not pick up energy of 
rane, translation because of their large inertia and lack of 
f the @ ability to totter as the shot does. All their transla- 





tional motion is supplied by collisions with the moving 
shot. Since the shot motion is completely random, 
occasional condensations of shot will crowd alongside 
one of the Brownian particles, accelerate it, and then 
break up on the rebound. Uneven concentric bom- 
bardment of these large particles by the shot gives them 
an erratic, ponderous motion of the Brownian sort 
Plotting these motions gives the same kinked traces as 
those reported for Brownian motion. Since the me- 
chanical analogy is perfect, this demonstration may be 
shown before microscopic examination of actual Brown- 
ian particles so that the student may have an accurate 



















INTRODUCTION 


HE importance of electromotive force measure- 

ments has increased greatly during the last two 
decades. However, as the subject has become better 
understood by research workers, a corresponding in- 
crease in the clarity of the textbook presentations 
has not become evident. Considerable disagreement 
in the necessary conventions has also developed among 
various authors. For example, in some books, half-cell 
potentials are added to obtain cell potentials, while in 
others they are subtracted. Some authors list elec- 
trode potentials in the sequence: electrode, solution; 
others list them in the opposite order and, therefore, 
with the opposite sign attached. 

In addition to this wide divergence in rules. and 
conventions for formulating cells, an explanation of 
the reasons for the conventions is entirely lacking in 
some textbooks. The conventions are merely stated 
as an arbitrary set of rules for the student to memorize. 
Another common tendency is to set up more rules than 
are necessary if the student really understands the 
underlying reasoning. 

The method of treating the subject presented in this 
paper was chosen primarily because it requires only one 
arbitrary rule. The words in which the rule is stated 
are deliberately chosen so as to make it almost impos- 
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mental picture of the invisible details of the process. 

The Brownian motion particles may also be used in 
the solid state demonstrations as impurities to be 
ejected from a growing crystal lattice of BB’s. Begin 
with the table nearly filled with BB shot in the amor- 
phous solid state and then add the impurities. In the 
amorphous state the impurities are perfectly acceptable 
to the other particles. Then tilt the table to induce 
packing. As packing gradually encloses the large ball 
bearings they will be systematically ejected from the 
lattice along the principal crystallographic axes as is 
the case in natural crystals. 

Frequently in the process of crystallization the lattice 
will build around an unpopulated gap in the lattice 
pattern leaving a hole with crystallographic boundaries, 
a negative crystal. More rarely a few particles will re- 
main in the hole possessing gas or liquid properties, or 
both. These are analogous to liquid inclusions and 
negative crystals so common in natural crystals. Un- 
fortunately these demonstrations cannot be produced at 
will. They do occur frequently enough, however, to add 
greatly to the interest of many solid phase demonstra- 
tions. 

The author wishes to thank Mr. Alfred G. Pechar for 
his help in constructing the experimental model of the 
instrument discussed and illustrated in this paper. 





sible to forget. From this rule and ideas of chemistry 
and thermodynamics with which the student is already 
familiar a completely consistent but very simple set 
of cell conventions is developed. 


SIGN OF THE CELL VOLTAGE 


The first requisite in establishing a set of cell con- 
ventions is that the sign of the cell voltage for a given 
reaction must be such that the correct sign of the free 
energy change for that reaction will be obtained. The 
free energy change is given by the equation 

AF = —RT In K + RTZy; In a; (1) 

If the reaction is represented by the equation 

aA + bB—~cC+ dD (2) 

then equation (1) becomes (giving reactants a minus 
sign) 


ac X atp 


AF = —RT In K + RT a ae tee (3) 
Equation (1) is sometimes written 
AF = —RTiInK + RTInQ (4) 
where 
In Q = 2» In a (5) 
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Q is obviously an expression similar to the equilibrium 
constant K of the reaction except that the values of 
a, are not for equilibrium conditions but for the condi- 
tions of the actual reaction. 

When an oxidation-reduction reaction is made to 
take place in such a way that the electrons travel 
along a wire from the reducing agent to the oxidizing 
agent. 


AF = —nF,E (6) 
where E is the cell voltage, F, is the Faraday constant, 


and m is the number of equivalents reacting. This 
equation follows from the thermodynamic relation.' 

AF = —w,’ (Const. p and #) (7) 
Combining (4) and (6) we obtain 


RT RT 


If a; = 1 equation (8) becomes 


where the superscript 0 denotes unit activity for all re- 
actants and products. This permits equation (8) to be 
written 


(10) 


RT 
sD ae ee 
E=E Zee 


If the reaction is a spontaneous one, we know from 
thermodynamics that AF will be negative; if it is not 
spontaneous AF will be positive. This thermodynam- 
ically predicted and experimentally observed fact then 
must determine the sign of the cell voltage according 
to equation (6). 

E is positive if the reaction is spontaneous and nega- 
tive if it isnot. Let us use the Daniell Cell reaction 
as an illustration. At unit activity of copper and zinc 
ions, the voltage of the Daniell Cell (without regard to 
sign) is 1.101. From thermodynamic data or merely 


from the fact that we know that the reaction 
Zn + Cut2(a = 1) > Zn*2(a = 1) + Cu (11) 


is spontaneous, we find that AF is negative. Therefore, 
E is positive for the reaction as written. If the reac- 
tion by chance had been written in reverse, then AF 
would be positive and E° negative. 

To summarize: 


Zn + Cut2(a = 1) > Znt2(a = 1) + Cu; AF= pitta ' 
12 


AF = —nF,E° (18) 
.“. EY = +1.101 volts (14) 

Cu + Znt?2(a = 1) > Cut2(a = 1) + Zn; AF = +51,000 cal. 
(15) 


AFP = —nF,E° 
F® = —1.101 volts 


(16) 
(17) 


If the reaction is spontaneous as written the voltage 
for the reaction is positive; if it is not the voltage is 


1 Luper, W. F., J. Cuem. Epuc., 21, 265 (1944). 


negative. 
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Reversing the reaction changes the sign of E, 


CELL SETUP 


Having established the sign of the voltage for any 
cell reaction the next step is to decide upon a method 
of setting up a cell to correspond with the reaction. 
Just as the order of writing the equation must be ‘e- 
versed when the signs of AF and E are changed, so 
must the order of writing the constituents of the cell be 
reversed. To establish correspondence between tie 
order in which the reaction and the cell are written an 
arbitrary choice must be made. Since this can be 
done in several equivalent ways, the obvious choice is 
the one easiest to remember. 

Write the reaction and the cell to correspond so that 
electrons leave the left electrode of the cell. (This is the 
only arbitrary rule which must be memorized and its 
alliteration makes this easy to do.) If electrons do 
leave the left electrode, the reaction must be spon- 
taneous so AF is negative and E must be positive. If 
electrons do not leave the left electrode, E must be 
negative. A voltmeter (actually a potentiometer in 
practice) attached to the terminals of the cell indicates 
whether electrons do or do not leave the left electrode. 

For example, in the Daniell Cell containing zinc 
and copper ions at unit activity a voltmeter shows the 
zinc electrode to be negative. This means that elec- 
trons leave the zinc electrode. Whether the zinc hap- 
pens to be the left electrode is of course a matter 
of chance. Suppose the equation is written 


Zn + Cut?(a = 1) > Zn*2(a = 1) + Cu (18) 


For the reaction to proceed as written, electrons must 
leave the zinc and be taken up by the copper. So to 
make electrons leave the left electrode the cell setup must 
be 


2. 


bad a 


1 
Zn, Zn*2(a = 1) || Cut2(a = 1), Cu (19) 





Since the voltmeter shows the zinc to be negative, 
electrons do leave the left electrode so the reaction as 
written is spontaneous and the voltage must be positive. 
If the equation had been written 


Zn*?2(a = 1) + Cu— Zn + Cut%(a = 1) (20) 


electrons would have to be transferred from copper to 
zinc ions. The copper would be the left electrode. 


2. 


é 5. 


u, Cut2(a = 1) || Znt2(a = 1), zu 





(21) 


Since the voltmeter has shown the zinc to be negative, 
electrons do not leave the left electrode (the reaction is 
not spontaneous) the voltage is negative. 


STANDARD ELECTRODE POTENTIALS 


Among the various methods of setting up standard 
electrode potentials against the standard hydrogen 
electrode, there is one which follows directly from the 
foregoing discussion. The half-cell under considera- 
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tion is made a complete cell by writing it in connection 
with a standard hydrogen electrode. The equation for 
the cell reaction is then written so that electrons leave 
the left electrode. It makes no difference in what order 
the cell is written provided the equation thus corres- 
ponds. The sign of the voltage will then be taken care 
of cutomatically. 

For example, to determine the electrode potential of 
zinc, set up the cell 





ae e 
| 
Zn, Zn*#(a = 1) || Ht4(@ = 1), He 


(22) 


To make electrons leave the left electrode the equation 
must be written to show zinc reducing hydrogen ions 


Zn + 2H*1(a = 1) > Zn*2(a = 1) + He (23) 


Assuming the voltage of the cell is found to be 0.761, we 
know from experience with the reaction that electrons 
do ieave the left electrode so the voltage of the cell 
is positive. (The voltmeter, or an experiment showing 
the reaction to be spontaneous as written, shows the 
zinc to be negative.) Since for the standard hydrogen 
electrode E° is taken as zero we may write 


E%p, ant? = +0.761 volt 


~ 


Note that the order of the subscripts indicating elec- 
trode and solution must be the same as in the complete 


cell. 
If the cell had been written in reversed order 


(24) 





é 


- He, H+1(a = 1) || Znt2(a = 1), Zn (25) 


the equation would be 


Znt2(a = 1) + He > Zn + 2H*1\(a = 1) (26) 


Since we know that electrons do not leave the left elec- 
trode of this cell, the voltage must be megative. We 
write: 


E%+2, 7. = —0.761 volt (27) 


where both the subscripts and the sign are reversed 
from those in equation (22). 

Either order may be chosen in compiling a list of 
dectrode potentials. There should be no confusion 
here so long as the order of electrode and solution is 
noted when using the table. However, if a choice 
seems desirable so that all tables will look alike, it 
would appear that making the active metals negative 
with respect to the standard hydrogen electrode would 
be preferable. They actually are negative to a volt- 
meter. This can be done by writing the solution first 
and the electrode second. The list would then look 
like Table 1. In case it is desired to write the half-cell 
teaction for any electrode it must be noted that in a 
complete cell electrons leaving the left electrode enter 
the right electrode. For example, the equation cor- 
responding to the half-cell Zn*+*, Zn must show zinc 
ions removing electrons from the right electrode to 
become zinc 


Znt? + 2e— Zn (28) 


TABLE 1 


STANDARD ELECTRODE POTENTIALS AT 25°C. 


(Taken from data in GLassrong, “Introduction to Electrochemistry,” D. 
Van Nostrand Company, Inc., New York City, 1942) 


Electrode 


Zn*?, Zn 


The equation for the reversed half-cell Zn, Zn +? must be 
reversed 


Zn — Znt? + 2e (29) 


Another ambiguity, in addition to those already 
mentioned, frequently occurs when electrodes such as 
the calomel and silver-silver chloride electrodes are 
merely listed by name in tables of electrode potentials. 
To avoid all doubt about the sign of the voltage, such 
electrodes should be written in the same form as the 
others. This is done in Table 1 where, for example, 
the electrode potential for the normal calomel electrode 
is given as 
(30). 


Eye, **(He,Ccl1NKCI), He 


The half-cell reaction is 


Hg2t? + 2e + 2Hg (31) 


The solid calomel and the 1N potassium chloride merely 
serve to fix the concentration of mercurous ions at a 
definite, low value. For this reason, they are included 
in parentheses attached to the symbol for mercurous 
ion. Since this method of writing such electrodes is 
apparently original, further justification of it will be 
presented as one of the sample problems considered 
later. 

From the foregoing discussion, it follows that the E° 
of a cell may conveniently be regarded as the sum of 
its electrode potentials written in the proper order. 
Just as the equation 


Zn + Cut? > Znt? + Cu (32) 


for the cell 


. Zn, Znt? || Cut, Cu (33) 


can be written as the sum of 


Zn — Znt? + 2e (34) 


and 


2e + Cut?—> Cu (35) 


so E® can be written 


EX = E%n,2n*? + E%ou+?,cu (36) 


In looking up values of electrode potentials it is merely 
necessary to note the order in which the subscripts 
occur. For example, the order of zinc and zinc ions 
in equation (36) is opposite to that in Table 1 so the 
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get the electrode potential of the cell 
E® = —(—0.761) + 0.340 = 1.101 volts (37) 


THE CONVENTIONS 


The conclusions reached at this point may be sum- 
marized very briefly. Only one arbitrary rule has 
been stated. The remaining corollaries follow from 
our previous knowledge of chemical reactions and of 
thermodynamics. However, from the pedagogical 
viewpoint it is probably best to give both the rule and 
its corollaries as a brief set of conventions: 

1. Cell setup: cell and equation are written to 
correspond so that electrons leave the left electrode of the 
cell. 

2. Cell voltage: if they do, E is positive; if they do 
not, E is negative. Reversing equation and cell reverses 
sign of E. Voltage of cell is sum of half-cell voltages 
written in correct order. 

The first rule is an arbitrary choice, chosen and 
worded so as to make it easy to remember. The 
second follows from thermodynamics. The form in 
which it is stated deliberately makes use of the corre- 
lation evident in the relation between the two positive 
and negative ideas. 

The consistent use of these two simple conventions 
suffices for the solution of any problem encountered 


in E. M. F. work. 


SAMPLE PROBLEMS 


The following problems have been selected to illus- 
trate the points stressed in this paper: 

1. One simple problem that invariably causes diffi- 
culty for students is finding the voltage of a cell as re- 
ferred to the hydrogen electrode when the measure- 
ment is made with a calomel or quinhydrone electrode. 
As ordinarily listed, there is no logical way of deter- 
mining the sign of such electrodes. However, when 
they are written to conform to the other electrodes as 
in Table 1 the difficulty vanishes. Suppose the volt- 
age of the cell 


Hg, Hgst*(HgCh, 1 N KCl) {| Cit, Cle 
is found to be + 1.078 and we wish to know the half-cell 


voltage for the chlorine electrode, 7. ¢., its voltage 
against a hydrogen electrode 


EY = EX He, **(HerCls, 1 Ko!) + Z°oi~'ciy 


From Table 1 we find that the voltage of the calomel 
electrode in the order given in the table is +0.280, but 
as written in the cell above the order is reversed from 
that given in the table so the sign of the voltage must 
be reversed also 
+1.078 = —0.280 + E%-1,c, 
“. Do.-,c = +1.358 volts 


This method of writing such electrodes makes this 


sign of E° for the zinc electrode must be reversed to 
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problem and other similar ones easy. The next prob. 
lem is designed to justify the method. 

2. Using the value of E° for the silver electrode, 
calculate E® for the silver-silver chloride electrode, 
Compare it with the experimentally determined value, 

For the silver-silver chloride electrode as written in 
Table 1 


Ag*(AgCl, 1aCl—1), Ag 
the half-cell reaction is 
Agt!+ le—Ag 


(In a complete cell this would be a right electrode, so 
electrons come into it, reducing silver ions.) At first 
glance this may seem entirely incompatible with the 
conventional method of writing the cell, but considera- 
tion of the equations for the two half-cells shows that 
the two methods are equivalent. The conventional 
method of writing the half-cell and its electrode re- 
action is 


Cl-'(a = 1), AgCl, Ag 
and 
AgCl + le-> Ag + Cl-! 


But whenever chloride ions are formed the equilibrium 
represented by the solubility product of the silver chlo- 
ride is upset so that 


Agt! + Ci-!1— AgCl 
Adding these two equations, we have 
Agt! + le— Ag 


which is the same equation we arrive at directly from 
our method of writing the half-cell. The chloride ions 
with excess silver chloride merely fix the silver ion con- 
centration at a definite, low value. The activity of 
the silver ions is obtained from the solubility product 
of silver chloride and the activity of chloride ions, 
which is equal to one for the E° value. Using the value 
of the solubility product from data given by Pitzer and 
Smith? the activity of silver ions is 1.77 XK 107”. 
Therefore 


E = 0.799 — 0.0591 log — 


= 0.799 — 0.577 
= 0.222 volt 


This is exactly the value determined experimentally 
(Table 1). So this method of writing such electrodes 
is numerically justified also. Its importance lies in the 
fact that, when the electrodes are thus consistently 
written, problems involving them become greatly 
simplified. 

3. Write the cell which corresponds to the equation 


Znt?2(q = 1) + Cd—> Zn + Cdt?2@ = 1) 
2 PITZER AND SMITH, J. Am. Chem. Soc., 59, 2633 (1937). 
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Calculate its voltage at 25°C. and the free energy 
change for the cell reaction. 

The reactant which loses electrons is cadmium, so it 
is placed on the left in writing the cell to make electrons 
leave the left electrode 


Cd,+ Cd+2(a = 1) || Zn*2(a = 1), Zn 


From Table 1 


E%oat?, ca = —0.402 


and 
E%y +2, Zn = —0.761 


But in the cell as written the order of cadmium ions 
and electrode is reversed from their order in the table, 
so the sign must be reversed when the electrode poten- 
tials are added 


EF) = E%a, cat? + E%ent+2,2n = +0.402 — 0.761 = —0.359 volt 


The free energy change will be 
AP) = — nF,EY = —2 X 23,066 (—0.359) = +16,550 cal. 


Since AF° is positive the reaction is not spontaneous as 
written. 
4, For the cell 
Pb, Pbt*(a = 1) || Agt*(a = 1), Ag 


write the cell reaction and calculate the potential of 
the cell and the free energy change for the reaction at 
25°C. 

The reaction which causes electrons to leave the 
left electrode must involve loss of electrons by lead, 
4. €., lead changes to lead ions. Therefore the cell re- 


action is 
Pb + 2Agt¥(a = 1) > Pht*(a = 1) + 2Ag 
From the table 
E%p,*? pp = —0.126 
and 
East, ag = 0.799 


Therefore, reversing the lead electrode, the cell voltage 
is 


EY = +0.126 + 0.799 = 0.925 volt 


‘and the free energy change is 
AFP’ = —nFyE? = —2 X 23,066 X 0.925 = —42,700 cal. 


The negative value of AF (or the positive value of Z) 
shows the reaction to be spontaneous as written. 
5. For the cell 


Ag,Ag*(¢ = 0.0001) |] Agti(2 = 0.1), Ag 


the voltage is found to be +0.177 (1. e., left electrode 
negative to voltmeter) at 25°C. Write the cell reac- 
tion and state whether it is spontaneous. 

The left half-cell reaction which causes electrons 
to leave the left electrode is 
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Ag — Agt(a = 0.0001) + le 
and the right half-cell reaction which uses up these elec- 
trons is 
le + Agt!(a = 0.1) > Ag 
Therefore, the cell reaction is 
Agt'(a = 0.1) ~ Agt(a = 0.0001) 


Since the voltage is positive, electrons do leave the left 
electrode of the cell, so the reaction is spontaneous as 
written (7. e., AF is negative). In other words, the 
diffusion of silver ion from a higher activity to a lower 
activity is a spontaneous process. 

6. For the cell 


Pt[Fet#(a = 3), Fet2(a = 0.2)] || Agt'(a = 0.1), Ag 


write the cell reaction and calculate the potential at 
25°C. 

The halt-cell reaction which causes electrons to leave 
the left electrode must give up electrons, which means 
that ferrous ions change to ferric ions 


Fet?(a = 0.2) + Fet#(a = 3) + le 
The reaction at the other electrode is 
le + Agtt(a = 0.1) > Ag 
so the cell reaction is 
Fet2(a = 0.2) + Agtl(a = 0.1) > Fet(a = 3) + Ag 


The cell potential is 


RI 
= Fo — — 


dy¥et* 
aret? X a Agt! 


where E” is given by 


E® = BXppet?yrey + EB? agttag = —0.783 + 
0.799 = +0.016 volt 


(Note that when two ions are in contact with the same 
platinum electrode, the order of the ions inside the 
brackets is immaterial. However, as in all other cases, 
the order of solution and electrode determines the sign 
of the potential.) 


E = 0.016 — 0.0591 log sss 07 = 0.016 — 
0.128 = —0.112 volt 


The negative voltage shows that the reaction as written 
is not spontaneous. 


CONCLUSION 


Two simple rules (only one of which is arbitrary) 
are sufficient to deal unequivocally with any problem 
encountered in electromotive force theory and measure- 
ments. 

One change in the conventional method of listing 
electrode potentials seems advisable. Electrodes such 
as the calomel and silver chloride electrodes should be 
listed as suggested in this paper to conform to the 
method of writing the other electrodes. 
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HE philosophy of a department of chemistry in a 

state-supported college or university may be out- 
lined in terms of the functions of the department, which 
are manifold and multifarious. The department is: 

First, a training center for inculcating within the 
minds of young men and women a better and higher 
concept of citizenry; 

Second, an organization to teach the fundamentals of 
chemistry to those students planning on engineering, 
medicine, medical technology, home economics, et 
cetera, as professions; 

Third, a department to give advanced undergradu- 
ate training for those students entering the profession 
of chemistry; 

Fourth, an institution for graduate training in chem- 
istry, and for the development of the future leaders for 
the state and the nation in the field of chemistry; 

Fifth, an institution making important contributions 
to and increasing our knowledge of the seience of chem- 
istry. 

Thus the department is a service department and, at 
the same time, a professional department. Many of 
the problems that arise are the result of its dual nature. 
As a service department, it provides training in funda- 
mentals required as a background for those students 
majoring not in chemistry, but in the allied professions. 
It serves also in the science programs needed for a lib- 
eral education for those students who are aiming to 
broaden their educational experience. The department 
should also aim to give to the citizens of a common- 
wealth correct information about chemical facts and 
about the significance of chemistry as part of the pub- 
licity program of the school. It should participate in 
adult education programs to help those desirous of 
learning something in addition to that which they ac- 
quired in their formal educations. 

As a professional department, it provides curricula 
for the bachelor’s, master’s, and doctor’s degrees, as 
well as opportunity for research, by means of which 
staff members may increase their knowledge of chem- 
istry, or of the history of the science, or of chemical 
education. 

The philosophy of a department may also be stated 
in terms of functions of a practical nature, which are 
teaching, research, and administration. 

First, there is no substitute for good teaching, which 


1 Presented before the Division of Chemical Education of the 
American Chemical Society, 108th meeting, New York City, 
September 12, 1944. 
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should be an activity of primary interest carried on by 
the department. 

Second, the progressive teacher does some research, 
which may take on the character of purely scientific 
research or research in the fields of either chemical edu- 
cation or the history of the science. The experietice 
gained in any of these fields of study prevents the in- 
structor from becoming too fixed in his ideas and causes 
him to be more alert to the problems of the present. 

Third, no teacher can entirely and completely divorce 
himself from problems of administration. Reports 
of student progress, the grading of examinations, con- 
ferences with students, participation on regularly ap- 
pointed university and departmental committees are 
all a part of the responsibilities assumed when one ac- 
cepts a position as a university instructor. 

Obviously, there must be an interweaving of these 
three activities in such a manner that there shall be 
good teaching and good administration. It is also es- 
sential that the university officials shall have a broad 
outlook on the problems, so that the staff members shall 
receive the recognition they deserve regardless of the 
phase of the departmental activities to which they 
make the greatest contribution. 

It is perhaps best to consider next the type of client- 
ele which the departments of chemistry will have in the 
next few years. Departments must satisfy the needs 
of three main groups of students who will register at 
the universities. Each of these groups will demand spe- 
cial consideration with respect to curricula and adminis- 
tration. The three main groups of students will be: 

(a) A group of ex-service men and women, older, 
more mature than the average college student, who 
will have had an interrupted formal education but who 
will have acquired certain special knowledges and 
well-defined ideas about their future course of study. 

(6) Upper division and graduate students whose pre- 
vious training had qualified them for professional or 
other advanced courses of study. 

(c) As in the past, high-school graduates between 
the ages of 16 and 20, and also a group of older ex-serv- 
ice personnel, with indefinite ideas of what they want 
or why they are at the university. 

The departmental clientele will therefore be a mix- 
ture of two groups of students desiring a thorough 
training in the fundamentals of chemistry for use in 
their respective professions (the chemists and chemical 
engineers on the one hand, the predental, premedical, 
engineering, and other similar groups on the other), and 
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a third type desirous of learning some chemistry or 
other science for the sake of culture or general educa- 
tion. There may be some pressure, unfortunately, to 
creite a too diluted course for the benefit of the last 
group. The departments will be obligated to have 
curricula to meet the requirements of the three types of 
students. 

No major difficulties will be manifested in designing 
courses for the first two professional groups except that 
the instructors must be keenly aware that the war effort 
has caused chemistry and physics to reach a stage of 
development at the present time which, under the 
normal rate of progress, would not have been reached 
until 1955 or 1960. In other words, the two sciences and 
their closely allied fields could be considered as 15 years 
ahead of the normal schedule. It is natural to ask 
what the effect of this abnormal rate of progress will 
Our first reaction 
should be that we must develop our methods of teach- 
ing chemistry to the same state of development as has 
been achieved in the research field. The instructor 
should make a careful inventory of his well-worn lec- 
ture notes to select carefully the necessary funda- 
mentals from the mass of obsolete information, and 
then to add those modern applications which are per- 
tinent to the problem of the moment. This revamping 
of courses should include the advanced as well as the 
beginning courses. 

One point must be made about the instructor. In 
many schools, army and navy programs have impinged 
upon the teaching program. The instructors have been 
forced to‘drop what little research they were doing. 
They had no time to do war research in their labora- 
tories. They have been out of the march of progress. 
Now they face the problem of trying to build up an en- 
thusiasm to learn of the recent advances at a time when 
they are very tired and still very busy. 

There are a few points which should be observed 
about the elementary course. The first point deals with 
the designation of the course. It is unfortunate that 
there still persists today an idea that freshmen or in- 
troductory college chemistry is inorganic chemistry. 
Although most college catalogs now refer to the first 
course as general or elementary or introductory chem- 
istry, there are many people who continue to think of 
it as the inorganic chemistry which they studied 20 or 
more years ago. This comment is directed primarily 
toward teachers in subjects other than chemistry, al- 
though there are some chemists who use the terms 
“general” and “inorganic” synonymously. General or 
introductory chemistry is exactly what the words im- 
ply. It is a composite of the simple fundamentals of 
the science chosen from the four fields, analytical, in- 
organic, organic, and physical. The course is essen- 
tially an orientation in chemistry for the science stu- 
dent. It should have the proper balance of fundamental 
facts to give the foundation for future study in chem- 
istry or closely allied fields. Inorganic chemistry deals 
with a broader, more complex compendium of facts 
about the chemical elements and their compounds than 
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can be given in a beginning course. The student just 
starting his career does not have a sufficient background 
for inorganic chemistry any more than he does for the 
other fields. So let us keep in mind that if we do not 
think of freshmen chemistry as inorganic chemistry, 
we shall have simplified the task of organizing the first- 
year course. 

As a question for thought at this point, let us inter- 
ject the thoughts of some teachers of chemistry about 
a more ideal method for planning the elementary work 
for majors in chemistry. There are some who believe 
that a carefully integrated two-year fundamental 
course, with selected topics from analytical, inorganic, 
organic, and physical chemistry would be a better 
scheme than the usual series of general, qualitative, 
and quantitative courses. Such a two-year course 
would mean the discontinuance of the usual dividing 
lines between these three courses, and would serve to 
give the students a much better background for their 
advanced study in the four fields. The two-year inte- 
grated course might actually save time which could be 
used to advantage in other areas. It is admitted that a 
two-year sequence of this type would not be suitable 
for the premedical, predental, and other groups. 

As a second point, we might ask ourselves whether or 
not our textbooks are suitable for the purpose in mind. 
At present nearly all of our elementary textbooks are 
compilations of chemical facts of about 600 to 700 pages 
in length. In the usual classroom work, one-half to 
two-thirds of the material is used; the remainder was 
printed so the instructor could have excess material 
from which to make a choice or to assign as extra read- 
ing to the better students. We might well take a hint 
from the authors of the several chemistry outlines 
which have appeared on the bookstore counters these 
last few years and take our textbooks apart. There is 
probably a happy medium somewhere between the stu- 
dent outline series and the usual freshmen text. 

A third point about teaching applies to the use of 
visual aids. Experiences of the armed forces and in- 
dustries in the training of large groups of young people 
with the minimum expenditure of time and effort has 
been greatly aided by means of animated diagrams, 
carefully chosen lantern slides, and moving pictures. 
There is no doubt that these methods have many in- 
herently good points. They certainly are used to ad- 
vantage in processes where training is more paramount 
than education. Nevertheless there is a real challenge 
to choose the best ideas from the methods of visual 
education for employment in the teaching of chemistry. 
The visual aids may be most useful in teaching a chem- 
istry course for liberal education and for adult educa- 
tion. One inherent difficulty about the use of visual 
aids which must be overcome is the procurement of the 
proper equipment. This item will be costly; adminis- 
trations frequently are not in favor of paying large sums 
for suitable projecting apparatus. The sales argument 
in favor of securing the equipment, however, is that a 
large number of students will benefit greatly, and that 
the equipment is most suitable for the course in libera- 
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education. The chances are great that it will be easier 
to purchase projection apparatus for use in the teaching 
of a fad than it would be to get an equivalent sum for 
the purchase of a greatly needed piece of apparatus 
for a lively research program. 

The construction of a curriculum for majors in chem- 
istry who desire to follow the science as a profession 
should not raise any important questions. The Ameri- 
can Chemical Society through its Committee on the 
Professional Training of Chemists has established a set 
of minimum requirements. The suggested program is 
in general considered reasonable and not too rigid. 
On the other hand, however, college faculties have pro- 
vided a list of minimum requirements which must be 
satisfied for graduation. Ina large number of instances 
there are no major conflicts between the two sets of 
requirements and it is possible to plan a curriculum 
which will meet both the college and the American 
Chemical Society rules. In many colleges the faculty 
acknowledges that the degree of bachelor of science in 
chemistry is a professional degree and as such is en- 
titled to special consideration. Consequently, a rule is 
passed waiving the college requirements for any students 
who can successfully and satisfactorily carry the more 
rigid chemistry curriculum. If so, all is well. In many 
other cases, the college faculties are composed of a 
majority of persons who have a phobia that every stu- 
dent must be graduated with a large amount of social 
science as a background for a liberal education. Since 
this group has the voting majority there is usually no 
compromise on the issue. Any attempt on the part of 
chemistry departments in such schools to develop spe- 
cialized courses, although theyinclude sufficient human- 
istic studies to satisfy the American Chemical Society 
requirements, meets with defeat or is passed begrudg- 
ingly. Such an action creates a situation which is not 
pleasant. 

Chemists are not against the idea of a broad or liberal 
education. They know that the young person who is 
being educated in chemistry should be made aware of 
the social and economic conditions of the world and 
how those conditions will affect him and his profession. 
Chemists also realize the value of the languages, of 
public speaking, and advanced English composition as 
adjunct studies. But chemists are not in accord with 
the idea that the chemistry curricula shall have a maxi- 
mum of social science and a minimum of chemistry. 
One of the problems which we shall have to face in the 
next few years will be the strong pressure to increase the 
amount of humanistic studies or social science needed 
for grad‘:ation. In order to make room for these lib- 
eralizing studies, it will probably be necessary to re- 
move some of the science subjects. 

How might we answer the challenge so that the pro- 
gram will contain the needed scientific courses as well 
as the optimum amount of the social studies? Perhaps 
now is the time to extend the chemistry curriculum into 
a five-year course. Perhaps now is the time to decide 
what distinction shall be made between the training 
prograr: for the technician and the educational pro- 
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gram of a chemist. Perhaps we should even go so far 
as to coin a new term to designate either the chemist or 
the technician so that the man in the street or the 
politician will not be confused about the difference be- 
tween the professional chemist who has the ‘‘know how” 
and the technician who is a pair of hands carrying out 
the essential chemical operations. 

There are many who will think that the problem sug. 
gested in the last few statements is not a great one, 
For those departments in large state-supported schools 
that were put on the accredited list of the American 
Chemical Society during the early days of the work of 
the Committee, the problem is not serious. However, 
for the departments in schools which have not been 
accredited, the problem is a difficult one because college 
faculties are already seething with new ideas about lib. 
eral programs. 

Closely related to both the chemistry curriculum 
and the liberal studies programs is the question about 
varied types of chemistry curricula. Those of us who 
advise majors in chemistry are only too well aware of 
the fact that a goodly number of those who start out in 
the bachelor of science curriculum aye not suited to that 
kind of training. These persons either are graduated 
with poor records or they change to other fields of en- 
deavor. Many of them have a keen interest in science 
and would do an excellent job if they were trained ina 
curriculum which included a large amount of chemistry 
and also certain other adjunct studies. For example, 
curricula can be devised to prepare technical sales per- 
sonnel, chemical librarians, scientific secretaries, and a 
host of other nonlaboratory chemists. One aim of the 




























departments in state-supported institutions should be Mteachi 
to offer a variety of curricula, built perhaps around a §will h 
common core, which will afford a means of educating fto att: 
those who do not have that “‘chemical sense’’ necessary Mfacing 
for the research chemist but who nevertheless are in- §vhat 
telligent and capable enough to fill very essential jobs have « 
in the chemical industries. proble 

The concept of a terminal course in chemistry de- Mart it 
signed to meet the needs of a liberal education program @build 1 
has been mentioned. We shall not debate what the fhollege 
type of course should be, but we can discuss one or two fhe cri 
of the problems which such courses create. The first Btuder 
point is a favorable criticism. The terminal course, if Mplay tl 
well planned and taught, can be a very strong ad- @here 













‘vertisement for the department. All of us have had ex- fitwo sc 
periences with students who took chemistry to meet a Ming of 
science requirement and became disgruntled. In their fry to; 
mumblings, such students can do a department con-§ The 
siderable harm. This tendency can be completely Ment « 
avoided if the importance and the role of this type of fnedice 
course is recognized and appropriate action is taken. [Rtoups 

The other point in connection with the terminal §ment c 
course deals not with the teaching program but with fhe pr 
the recognition of the instructor. One of the prime ar- econd 
guments by the administration is that they desire the §tjis n 
best of teaching for the terminal course. However, #hemis 
when the department head makes his recommendation Pudary 
for the promotion of the instructor who has put forth Buppor 
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real effort and has sacrificed personal study to make the 
course a success, he is first asked how much research 
has the instructor done, and what contributions has 
he made to the welfare of the department in the form of 
publications. The net result is that this instructor does 
not receive a well-deserved increase in rank or in sal- 
ary. One can find many examples in discussing this 
problem with his mutual friends that the man who does 
the research gets the recognition, while the man who 
accepts the responsibility of teaching this most difficult 
type of course receives only the satisfaction of a job 
well done as his reward. In one state institution, 
younger men, all of whom are capable teachers, have 
refused to participate in the liberal education type of 
course because, after observing for a four-year period 
how some of their colleagues were treated, they realized 
that those who had accepted this responsibility seriously 
had not received anything in return. 

There is an advisory problem with which college ad- 
ministrators must cope that will also affect chemistry 
departments to some extent. I speak for the moment 
of the attitude which may be taken by some of the ex- 
service men and women students. The problem may 
be more difficult with those who are being rehabilitated. 
These students will be more mature. They will have 
very definite ideas of what they want and how they 
want to get it. They will be desirous of getting the 
best background for the future. They will not want to 
be babied with a lot of frills which are part of the re- 
quirements for education, unless they can see a very 
definite place for them in their own specific programs. 

hese same students will also be very critical of the 
teaching methods and of the teachers. Most of them 
will have learned by hard experience what they hope 
to attain by attending college. Those of us who will be 
facing them in the classroom must attempt to learn 
what we can of the problems which these people will 
have and then try to help them in the solution of the 
problems. We must be prepared to take an active 
- Bart in the advisory program of the college. We must 
build up a strong advisory plan for our own majors. The 
olleges and universities must seriously contend with 
the criticism made of them that there should be better 
student guidance. The chemistry departments must 
play their part in making a success of the undertaking. 

here have already been minor difficulties in one or 

wo schools because of an apparent lack of understand- 

ng of the problems of the returning soldiers. Let us 
to avoid it in our schools. 

The thought was introduced earlier that the depart- 
ment of chemistry is a service department for the pre- 
medical, predental, engineering, and other student 
soups. Another type of service in which the depart- 
ment of chemistry should be vitally interested concerns 
he proper training of prospective teachers for the 
- Becondary schools. There are many who will argue that 
iis not within the province of the department of 
hemistry to become involved in the problems of sec- 
indary-school education. Nevertheless, in the state- 
supported colleges, we must take the product from the 
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secondary schools, good, bad, or in-between as it may 
be. Then we must try to develop the product further. 
Many of us who try to teach elementary chemistry to 
high-school graduates with a background inadequate 
or entirely lacking in high-school mathematics realize 
the importance of this problem. What can the depart- 
ment and the chemist do about this problem? They 
can quietly become active in a campaign to set up bet- 
ter requirements for the certification of high-school 
teachers in the fields of mathematics, physics, and chem- 
istry. College chemistry departments should cooperate 
with departments of education to devise professional 
training programs for high-school science teachers. 
In Indiana, there is a statewide committee which has 
made proposals for the certification of science. teachers 
which are being considered by the State Department 
of Education. In its last report for a meeting held in 
July, the Cooperative Committee on Science Teaching 
recommended that the ‘major function of the Com- 
mittee should be concerned with preparation and in- 
service training of science and mathematics teachers 
for the secondary and lower schools.” The newly 
formed National Science Teachers Association, by hav- 
ing a unified organization, hopes to develop a long- 
range program for the improvement of science teaching. 
In some states, there is a high degree of cooperation be- 
tween the persons responsible for inspecting and ac- 
crediting high schools and the university departments. 
In other states, the universities and the state depart- 
ments of education work together on this problem. 

, We who are teaching at the college and university 
level should not neglect this problem of science prepara- 
tion of prospective high-school teachers. With the 
physics and mathematics departments, we should con- 
duct an educational program on how elementary train- 
ing should be done. In other words, we must not blame 
the educationist if he plans the best high-school program 
he can, if we sit idly vy and do not help. But there 
should be a word of caution as well, since it must not be 
forgotten that only a small portion of the high-school 
graduates go on to college. There should not be so 
much pressure put upon the secondary school adminis- 
tration that they come to believe all high-school stu- 
dents should take a college preparatdry course. That, 
too, would be a mistake. We should be broad minded 
in our counsel. We should aim as specialists to devise 
a program suitable for the high-school student whose 
formal education will be terminated at high-school 
graduation as well as providing a good background for 
the prospective college student. 

Departments of chemistry should assist in and profit 
from another kind of service which is active participa- 
tion in the programs of the state academies of science. 
They can do a real service to the education in the state 
and in the training of chemists as good speakers by 
quietly and informally providing the encouragement 
and organization of good programs. They can exert a 
strong influence for better teaching and can encourage 
research programs in the smaller colleges by active 
cooperation in the academy programs. By such action, 
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the departments will aid the chemistry teachers in many 
smaller colleges who enjoy professional meetings but 
cannot attend national society assemblies as often as 
they would like to. These teachers are not paid too 
well. They are frequently alone in their departments, 
and hence have no substitutes to replace them if they 
desire to attend a meeting. They like to talk to their 
colleagues about their problems and to gain new ideas. 
If they can attend a well-organized state academy 
meeting, they will return home with an enthusiasm that 
the more fortunate of us gain by attendance at the na- 
tional meeting. Too often we hear of members in large 
state university departments who say they cannot be 
bothered by such a trivial matter as a state academy 
meeting. There is neither the atmosphere nor the au- 
dience to match their egos. Nevertheless, if one or two 
men in the department will serve as the coordinating 
group in helping with the programs, and if the depart- 
ments will in a semiofficial manner give support to the 
attempt to have good programs, great benefit will come 
to the department. 

For example, the department will be sponsoring 
better teaching, because the state academy program, if 
well and properly organized, provides an excellent 
training ground for graduate students and younger 
staff members in the presentation of scientific papers. 
It must be impressed on the younger people that it is 
as essential to make a good appearance and to have a 
well-organized talk before the state academy as it is 
before the national society. Preparations for the talk 
should be made accordingly. The program should not 
be composed entirely of papers from the department of 
the state school. The staff members of the smaller 
colleges and high schools should play an active part. 
They will gain in experience for having spoken before 
friendly groups other than those they meet day after 
day in their classrooms. 

It must not be implied that the chemistry department 
should dictate the policies or the activities of the chem- 
istry sections of the state academies, but rather that it 
should besa source of guidance in promoting activities 
for those who are unable to attend the national meet- 
ings. Two important benefits to the department will be 
the ultimate result. First, there will be a better spirit 
of cooperation built up amongst the chemists of the 
state with the department. Second, there will be a 
better understanding of the type of chemical training 
needed for the students in the small colleges who are 
desirous of doing graduate work. This latter point is 
important, since a large percentage of the graduate 
students working for the doctorate come from the 
smaller colleges. 

A major task in all departments of chemistry at the 
present time is the securing of suitably trained per- 
sonnel. The needs of the armed forces and of the war 
industries have disrupted the staffs of every department 
of chemistry in the country. The rules of the Selective 
Service system operate against the continuance in 
training of the most capable young men. Consequently, 
the number of young people now in the graduate schools 
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is inadequate to meet the demands. Without discuss. 
ing details, it can be stated that in all probability at 
least five years will elapse before our graduate schools 
will again be turning out a sufficient number of persons 
to fill those positions of greater responsibility which are 
available. 

Let us disregard for the moment the usual difficulties 
faced in selecting a staff member in order to consider 
the suggestion that a certain percentage of a depart- 
mental staff should have had some industrial experi- 
ence. Normally, three factors are observed in the 
choice of a new staff member, namely, his proved or po- 
tential research performance, his teaching and adminis. 
trative capacity, and his ability to work and live with 
his colleagues. These three points are important, but 
successive selections based on them alone often lead to 
the building up of a staff which is not directly interested 
in any sort of industrial point of view. The departiment 
will thus take too academic an outlook toward the 
chemist’s training program, whereas the majority of 
the students will be absorbed by industry following 
graduation. 

It is therefore suggested that a few, about 20 per 
cent, of the staff members have a more intimate knowl- 
edge of industrial practices. Such a procedure will 
have many advantages. Instructors who have this 
qualification will have a better appreciation of the 
difficulties and problems which will be faced by the 
young graduates. They can advise the beginning en- 
gineers and chemists that hard work will be the order of 
the day until recognition of effort results. Another 
benefit will accrue to the teaching program. Many of 
us who devote our lives to living within academic areas 
do not have any genuine concept of methods or proc- 
esses on an industrial scale. We tell the students how 
the book states a reaction takes place, whereas indus- 
trial practice may be drastically different. The instruc- 
tors who have had commercial experience will greatl 
enrich departmental offerings. 

Naturally it will be asked how colleges and universi 
ties will be able to secure capable young men who have 
been accustomed to industrial salary rates. As a sug 
gestion, it would probably be an excellent idea to have 
a few such salaries in the college budget as a goal toward 
which other salaries could be increased. 

At this time it is desired to point out a method b 
means of which a staff member can gain some industria 
experience. When this country has returned to a peace 
time schedule, it might be a good plan for an indus 
to hire a few university instructors for the summef 
months in the research or control laboratories. <A sug# 


gestion that might be worth while would be to ask thqj’* 
instructor to survey critically some operation in the on 


plant as an impartial observer. Since he will not hav¢ 


the inhibitions suffered by those who are very familial i 


with a process, he will very probably, by means of hig}. 
observations and his foolish questions, contribute mam 


ideas to the notebooks. This type of survey would b¢ vi 


just as valuable as one written for Chemical Reviews 01 
Industrial and Engineering Chemistry, except that thé 
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survey is made on a process in operation rather than 
from the published literature. 

One can imagine many benefits from such a program. 
The industry would gain by having suggestions made 
by an interested observer. The instructor would gain 
from a broadened experience and an increased payroll 
for the year. The student would profit from the better 
teaching which would result from the wider knowledge 
of the instructor. The school would benefit from the 
coniacts made by the staff member. The cost of hiring 
the instructors for the summer periods would not be a 
big item in the industrial program. It would be small 
compared to the over-all gains. 

In the program of a state-supported school, consider- 
ation should be given to the development of research 
on the natural resources of the state. The departments 
of chemistry too frequently sponsor only purely aca- 
demic programs. However, if some attention is paid 
to the natural resources of a community, the depart- 
ment will ultimately reap the benefits. It must not be 
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implied that the chemistry department should become 
totally industrialized. Chemical engineering depart- 
ments are planned for that purpose. Basically, the 
chemistry department has the function of teaching 
chemistry and of pursuing fundamental research, yet it 
should assist in programs which develop the natural 
products of the region. Such investigations could still 
be fundamental in character but of value to the com- 
monwealth. In turn, the department would profit be- 
cause the citizens would feel that they were getting 
something in return for their support of the school and 
they would be willing to increase their help if it were 
needed. 

Naturally there are many other problems and worries 
which confront a department and its administrative 
head. The few questions which have been discussed 
should provoke thought. If that is the case, the other 
problems will appear. All of them will be found, upon 
analysis, to be important in the successful carrying out 
of the philosophies outlined in the opening paragraphs. 


HEINRICH HLASIWETZ (Continued from page 56) 


Hlasiwetz and Habermann studied (1871) the action 
of bromine on albuminous materials. In 1873 they 
reported their results on the hydrolysis of proteins. 
They used hydrochloric acid as the hydrolyzing agent, 
and successfully avoided the formation of dark humous 
materials by adding stannous chloride. They obtained 
anumber of amino acids and ammonia, but no carbo- 
hydrate-like products. Special importance attaches 
to their proof that d-glutaminic acid, which hitherto 
had been obtained from vegetable proteins only, can be 
produced in considerable amounts also from animal 
albumen. 

Kekulé reported in 1866 that benzene yields iodo- 
benzene when heated in a sealed tube with iodine and 
iodic acid, which act as an oxidant. Three years later, 
Hlasiwetz and Weselsky reported that mercuric oxide 
can be used as the oxidizing agent. Thus, phenol 
yields mono-iodophenol and 2,-diiodophenol, and fur- 
thermore, the reaction can be accomplished in an open 
vessel. This Hlasiwetz-Weselsky procedure is still 
being used advantageously in the preparation of the 
most varied iodinated products. 

In the course of his studies of glucosides, Hlasiwetz 
studied arbutin, a glucoside found in the bearberry. 
He and Habermann found (1875) that dilute acids 
tydrolyze arbutin and yield glucose, hydroquinone, 
and a new compound, C7;HsO:, that was found to be 
he mono methyl ether of hydroquinone. This inter- 
sting result was beautifully substantiated when it 
was found that this ether could be produced by the 
kction of potassium methyl sulfate on hydroquinone. 


‘The dimethyl ether was formed concurrently.) Later 


worers Showed that arbutin occurs in the plant along 
vith methylarbutin, and consequently the material 
se’ by Hlasiwetz and Habermann must also have 
ontained methylarbutin. 


Genuine sorrow, in all quarters, was occasioned by 
the unexpected and untimely death of Hlasiwetz in 
October, 1875. His teacher and friend, Rochleder, 
had passed on the previous year. At the 1875 general 
assembly of the German Chemical Society, the Presi- 
dent, A. W. Hofmann, stated that the forthcoming issue 
of the Berichte would contain an obituary of Rochleder 
composed by Hlasiwetz, and that the members would 
read this biographical sketch with particular emotion 
because it was his sad duty to inform them that the 
hand that had penned this tribute was now cold in 
death. The Rector of the Vienna Polytechnikum in 
his inaugural address at the opening of the new ses- 
sion on October 11, 1875, announced the heavy loss 
that the school had suffered. Only the day before, 
Professor Hlasiwetz had been borne to his last resting 
place; a man possessing the noblest human qualities, 
distinguished equally as investigator and teacher. 

Hlasiwetz had dealt chiefly with natural materials 
or products derived from them: glycosides, vegetable 
dyes, resins, sugars, proteins, tanning agents, their 
hydrolysis and degradation products. The originality 
of the methods and the brilliant experimental technique 
characterize his approach and handling of the chosen 
problems. 

Seventy years have passed since his death. It is a 
great satisfaction to note that the splendid progress 
of structural chemistry and synthesis have brought 
the answers to most of the problems he left open, and 
for whose solution his times were not yet prepared. 
A. W. Hofmann wrote: ‘We will not tire of peering 
into the mirror of the past, or we shall lose the image 
of the men on whose shoulders we stand, those who be- 
cause of their love of science have wrought so much 
that is excellent and laudable in all branches of chemis- 
try and physics.” 





Valence, | 
a Fundamental Concept in Inorganic Chemistry 


E. V. JONES 
Birmingham-Southern College, Birmingham, Alabama 


ALENCE is a very elementary concept in chem- 

istry. It is also very fundamental and an important 
topic for study in advanced inorganic chemistry. The 
organic chemist lays great stress on’ valence and makes 
of it a very useful tool, Many inorganic chemists 
know very little more about valence than they learned, 
or should have learned in high-school chemistry. As 
we shall see, valence is far more complex than the 
simple numbers we learned in high school to associate 
with atoms of hydrogen or oxygen. Valence has many 
aspects, and students are frequently confused by a 
wrong approach to the subject. Some teachers of 
chemistry are distressed over this confusion which they 
usually exaggerate and possibly increase in the minds 
of their students by talking about it. 

In general there are two approaches to valence. One 
approach stresses the combining relations of the ele- 
ments and the other stresses the structure of the atoms. 
Both aspects are nearly always given, but with vary- 
ing emphasis. Most writers of college textbooks present 
valence first in terms of the combining capacity of the 
atoms of the element and then show how it may also be 
expressed very simply in terms of the electrons lost or 
gained by the atoms in chemical reactions. The same 
approach is used by many writers of high-school texts. 
However, one text formerly widely used in our area 
begins with strong emphasis on the structure of the 
atoms and rather casual mention of their combining 
relations. One decided advantage of the approach to 
valence through combining relations is that it leads 
naturally to an understanding of equivalents and milli- 
equivalents which are very important chemical units, 
especially in analytical chemistry. 

Flood (1) is greatly disturbed because of the confu- 
sion of his students in regard to valence. He proposes 
to limit the meaning of the term valence to the number 
of carbon-to-carbon or carbon-to-hydrogen bonds an 
atom has in any combination. It is difficult to see how 
a student who came in with high-school chemistry 
could help being greatly confused by being told that the 
valence of S in the sulfate ion is four and that the val- 
ence of Cl in the perchlorate ion is also four. Hilde- 
brand (2) tries to avoid the use of the term “‘valence” 
altogether. He uses ‘‘oxidation number”’ and ‘‘coordi- 
nation number” rather than valence. But he speaks of 
“valence electrons” and says “two hydrogen atoms 
combine by sharing their two valence electrons.” 


1 Presented before the Division of Chemical Education of the 
American Chemical Society, 108th meeting, New York City, 
September 13, 1944. 
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It has been my experience that by approaching val- 
ence as the combining capacity of atoms of the ele. 
ments in terms of H atoms, students can build around 
this concept the other aspects and types of valence and 
get a very satisfactory picture. In contrast with the 
attitudes of Flood and Hildebrand, Pauling (8) says a 
valence bond exists wherever atoms or molecules are 
held together to form a new chemical species. The 
fundamental idea of the simpler aspects of valence is 
that they are manifestations of the tendency of the 
atoms to assume external electronic structures of two or 
eight electrons which are thought to be very stable 
forms. Adopting the broad meaning of valence sug- 
gested by Pauling one may list many types of bonding 
forces: (a) electrovalence, (b) covalence, (c) coordi- 
nate valence, (d) metallic bonds, (e) hydrogen bonds, 
(f) odd electron bonds—one and three, (g) resona- 
nance, and (hk) molecular orbitals. 

Electrovalence and covalence need little discussion. 
Electrovalence is thought to involve no localized bond, 
the ions being held together by electrostatic attraction. 
Or, one may say, there is no real bond. Electrovalency 
is especially characteristic of the elements at the extreme 
ends of the periods in the periodic table. The coval- 
ent bond—the sharing of a pair of electrons—is some- 
times referred to as a ‘directed bond” involving certain 
electrons. It is especially characteristic of the elements 
in the middle of the periodic table and of the gaseous non- 
metals such as nitrogen, oxygen, and chlorine. The co- 
ordinate bond is less well understood but it is also re- 
garded as the sharing of a pair of electrons. 

(3) first attempted to interpret the coordinate bond in 
terms of the electron theory of valence. He described 
it as a covalence in which one atom furnishes both of the 


electrons which are shared in the bond. He introduced ; 


the term ‘“‘donor’’ for the atom furnishing the electror 
and “acceptor” for the other atom sharing in the bond. 
This process leaves the donor with something of a posi 
tive charge and the acceptor with an equivalent nega 
tive charge. Emphasizing this fact and the fact that 
the donor gives two electrons to the acceptor, Lowry 
and Sugden call this bond a “‘semipolar bond.” The 
coordinate bond is closely related to the ‘auxiliary 
valences” i 


definite coordination numbers—usually 6—and 

number has no relation to the periodic group of thé 
central atom; (2) groups forming the complex may b¢ 
either univalent ions or molecules such as NHs; (3 
there is a change in the electrovalency of the comple 
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when one of these types—ions or neutral molecules— 
replaces the other type within the complex. For ex- 
ample, hexammine cobaltic chloride, Co(NHs3).+**Cls, 
can be converted into dichloro-tetrammine-cobaltic 


+ 
chloride, Co baad Cl. A great volume of discus- 


sion has been given to attempts to extend Werner’s co- 
ordination theory to cover a wide variety of complexes 
including water of ‘“‘hydration” and the iso-poly and 
hetero-poly acids. This discussion cannot even be out- 
lined in this brief paper. It is generally thought that 
all molecules that are coordinated must have at least 
one “lone pair’’ of electrons. Two striking character- 
istics of the Werner complexes are the simplicity of 
their preparation and the great stability of some of 
them. For example, hexammine cobaltic chloride, as 
orange monoclinic crystals, can be prepared by oxidiz- 
ing an ammoniacal solution of cobaltous chloride with 
acurrent of air. These crystals when treated with con- 
centrated sulfuric acid yield hexammine cobaltic sul- 
fate, but the coordinated ammonia in the complex ra- 
dical is not disturbed. Furthermore, in contrast with 
the familiar zinc ammonia and copper ammonia com- 
plexes, these complexes show a greater tendency to 
ionize as weak acids than they do to dissociate into a 
metal ion and free ammonia. In other words, the co- 
ordination bond of ammonia to the central metal ion 
is stronger than the covalent N—H bonds in the coor- 
dinated ammonia. 


THE METALLIC BOND 


Metallic elements usually crystallize in one of three 
forms: face-centered cubic, hexagonal close-packed, 
and body-centered cubic crystals. The coordination 
numbers here are 12, 12, and 8. The bonding in metals 
must be of a special type since there are not enough 
electrons available to form 12 regular covalent bonds 
around each atom. And the strength of metals indi- 
cates that forces greater than the van der Waals force 
are operating. Losenty’s “free electron gas’ theory of 
metal bonding is summarized as follows by Glasstone 
(4): “It is probable that the metallic atoms lose some 
or all of their valence electrons and so become positive 
ions; the electrons then form a more or less mobile lat- 
tice which seems to bind the ions together.”’ 

This ‘‘electron gas” theory has been rejected by some 
writers because it cannot be reconciled with atomic 
heat observations. Another picture of metals is given 
by Ephraim (5) as follows: ‘The measurement of inter- 
atomic distances in metallic crystals reveals that a 


*@ given atom of the metal is surrounded by two groups of 


atoms at different distances. The values of these dis- 
tances indicate that the conditions are satisfied for 


“‘@ both one-electron and two-electron covalent bonds, and 


it is believed that resonance occurs between the many 


‘@ possible structures. If this is the case, then maximum 
ig stability is to be expected when maximum coordination 


number is found, which is in good agreement with clos- 
est-packed arrangements in metallic crystals.” 
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THE HYDROGEN BOND 


The existence of the hydrogen bond seems to have 
been proposed first by Moore and Winmill (6) in Eng- 
land in 1912. Its first discussion in America was by 
Latimer and Rodebush (7) in 1920. The bifluoride ion 
is a very familiar example. Other common examples 
are the association of water and of hydroxylic liquids. 
According to Glasstone (4): 

“In general, whenever a hydrogen atom can change 
its allegiance from one atom to another in a molecule, or 
in two molecules, merely as the result of a movement 
of electrons, then the two parts will be held together or 
coordinated, by the hydrogen atom. Two main types 
of hydrogen bonds may be considered: in the first, the 
two atoms joined together are part of one molecule, and 
the resonating forms do not include ionic structures. 
This probably occurs in ortho-substituted phenols, 


é. g., o-nitrophenol.”’ 
and b 
O 
d d 

This substance is thought to be actually a “resonance 
hybrid” or mesomeride—a single variety intermediate 
between the two formulations shown—and is more sta- 
ble than either of them. 

“The second type of resonance involving hydrogen 
occurs when the hydrogen atom can pass from one mole- 
cule to another to give alternative structures of similar 
energy, one of them being an ionized form; this occurs 
particularly in water, alcohols, and phenols, that is, 
with substances having the general formula R-OH.”’ 

This type of resonance may involve a chain of mole- 
cules. 


R R R R 


R R R 
H and HOH bn bn 6 


1 | | 
H—O H—O H—O 


“It must not be assumed that because an ionic struc- 
ture is possible as depicted above, ionization occurs to 
any extent; since the actual form of the molecule (ag- 
gregate) is a combination of the alternative structures, 
it may not be ionized at all.” Or the aggregate may 
contain what Noyes calls “intra-molecular ions.”’ 

There are theoretical difficulties in the mechanism of 
the hydrogen bond. The earlier writers, Latimer and 
Rodebush, Lowry and Sidgwick, thought that a hydro- 
gen atom, “already joined in a stable manner by a pair 
of electrons to another atom, is capable, under certain 
conditions, of accepting another pair of electrons.” 
This was thought to occur especially if the first atom 
joined was a strongly electronegative element such as 
F, O, or N. But Pauling and other more recent writers 
insist that a hydrogen atom cannot have two covalent 
bonds either with both bonds in the K orbital or one 
bond in the K and the other in the L orbital. The first 
structure is ruled out by the Pauli exclusion principle 
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and the second by the inability of an attached proton 
to attract L electrons. From their point of view the 
hydrogen bond is regarded as “‘largely ionic and is 
formed only between the most electronegative atoms.” 
The bifluoride ion (HF2)~ is thought to resinate be- 
tween three structures, (2) :F: H-F, (b) F-H+F-, 
(c) F-H :F:, with the ionic structure (6) playing a 
major role in forming the hydrogen bond. Although 
the mechanism of the hydrogen bond may still be in 
doubt, many applications of it are being made in the 
development of theoretical chemistry. Pauling (8) 
predicts that “as the methods of structural chemistry 
are further applied to physiological problems it will be 
found that the significance of the hydrogen bond for 
physiology is greater than that of any other structural 
feature.” Hydrogen bonds are thought to be very 
common in crystals of water and of hydroxylic liquids. 
Crystals of magnesium sulfate heptahydrate afford a 
familiar example. In MgSO,-7H2O, six of the mole- 
cules of H,O are thought to be coordinated around the 
metal atom. The seventh is attached to two of these 
cation water molecules and to two of the sulfate oxy- 
gens, so that the cation and the anion are loosely ce- 
mented together by hydrogen bonds. 


H,O H.O H—O—H anion water H<O O 


ae 


hexaquo-cation 


Sadak faa —— 


H,O H,O H—O—H 


Hunter (9) has recently given a concise summary of our 
present knowledge of hydrogen bonds including a list 
of the more important examples of such bonds with F, 
O, N, S and mentioning a growing volume of evidence 
of hydrogen bonds involving carbon. 

The high mobilities of the hydrogen ion and the hy- 
droxyl ion have been explained by Huggins (10) and 
others in terms of intermolecular switches of hydrogen 
bonds: 


+ H 
:0:H :0:H :0:H > :0:H:0: 


H H 
a b c 


+H 
H:0:H 


+H H me a 


If, for example, a hydrogen atom of molecule a ap- 
proached the lone pair of the oxygen in the hydronium 
ion b, the O—H bonds in the ion would be ‘‘loosened.”’ 
If, at the same time, a lone pair of the oxygen in the 
molecule c approached a hydrogen in the ion, the hy- 
drogen might transfer its attachment to molecule c mak- 
ing itH;+tO. Such changes may conceivably take place 
in the absence of an imposed e. m. f. Under an imposed 
e. m. f. they would occur much more frequently. This 
process would surely result in greater conductivity for 
a given e. m. f. than would the movement of the H;+O 
against the viscosity and ‘drag effect” of the solution. 
Huggins suggests that in a similar manner an OH™ can 
remove an H+ from a water molecule if the latter is 
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joined to two other water molecules by hydrogen bonds, 
Such a mechanism would result in higher conductivity, 


H H 
:O: H:0:H:0:H:0:H > :0: H:0:H:0:H:0:H 
H H H H 
ODD ELECTRON BONDS 


There is a growing volume of evidence of the exist- 
ence of odd electron bonds. The most familiar example 
is the hydrogen molecule ion, H,+. The heat of dissoci- 
ation for this ion is 60.95 K-calories per mole and about 
80 per cent of this is resonance energy. 

The two structures are H-H* and H*+-H. Another 
example that is well established or understood is dibor- 
ane which seems to have two singlet bonds. The fol- 
lowing formula 


HH 
HH 


proposed by Sidgwick (1927) is about as near as we can 
come to representing the present view of its structure. 
Pauling (8) pointed out (1931) ‘that the two elements 
boron and hydrogen (which are nearly equal in elec- 
tronegativity) satisfy the condition for the formation of 
a stable one-electron bond, and that, moreover, the 
molecule would be further stabilized by the energy of 
resonance of the two one-electron bonds among the six 
(B—H) positions.” Lewis (11) (1933) suggested that 
the six electron pair bonds might resonate among the 
seven positions and each of the bonds be equal to six- 
sevenths of a normal covalent bond. Bauer’s (12) work 
(1937) by electron diffraction seems definitely to sup- 
port the Lewis structures. Pauling believes, however, 
that the one-electron bonds also enter into the reso- 
nance. Three-electron bonds are also thought to be of 
rather frequent occurrence, the simplest being the he- 
lium molecule-ion, He.+. Other familiar examples are 
C102, NO, NOs, and O.-. Lewis (13) (1916) remarked 
on the fact that NO, ‘“‘an odd molecule’ showed no 
tendency to polymerize to N2O2. Pauling (8) says the 
application of quantum mechanics to the problem 
gives evidence that the stability of the NO molecule is 
due to the presence of the three-electron bond along 
with two covalent bonds, :N—O:. This three-electron 
bond is thought to be a resonance of the type A: -B and 
A-:B and (8) ‘‘the structure :N—O: for the molecule 
really corresponds to resonance among the three struc- 
tures 
+:N:0:—, :N: :0:, —:N: :O:+ 

with perhaps some contribution of :N:O: also.... 

The heats of dissociation of three-electron bonds 
seem to indicate that they have half the strength of a 
normal covalent bond. It has been suggested that this 
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may be explained in terms of the molecular orbital the- 
ory by assuming that one of the electrons is anti-bond- 
ing and so the three electrons are equivalent to one 
bonding electron. 


RESONANCE 


In the above discussions resonance has been men- 
tioned repeatedly as a factor in the molecular struc- 
ture. The concept of resonance is rather vague for one 
who is unfamiliar with quantum mechanics. The con- 
ventional expression that a given system resonates be- 
tween structure I and structure II is neither very il- 
luminating nor satisfactory. Pauling (8) points out 
that ‘‘the structure of such a system is not, however, 
exactly intermediate in character between structures I 
and II, because as a consequence of the resonance it is 
stabilized by a certain amount of energy, ‘he resonance 
energy.’ There is also a certain arbitrariness in the 
choice of the initial structures among which the system 
resonates. However, the importance of the resonance 
concept in the study of molecular structures has been 
described by Pauling as ‘‘the most important chemical 
application of resonance which has been discovered, 
that of the resonance of a molecule among several va- 
lence-bond structures; it is found that there are many 
substances whose properties cannot be accounted for by 
means of a single electronic structure of the valence- 
bond type, but which can be fitted into the scheme of 
classical valence theory by the consideration of reso- 
nance among two or more such structures. The conve- 
nience and value of the concept of resonance in discuss- 
ing the problems of chemistry are so great as to make 
the disadvantage of the element of arbitrariness of 
little significance.”’ 

A somewhat different picture of resonance is given by 
Emeleus and Anderson (14). ‘‘This conception is par- 
ticularly important when the formula of the molecule, 
as written conventionally in two or more different ways, 
leads to nearly the same value for the potential energy, 
while preserving the same spatial arrangement of the 
atoms. Not only is the resultant distribution of elec- 
tron density the weighted mean of those corresponding 
to the various formulas, but it emerges from the quan- 
tum theory that the potential energy of the system in 
such a case is considerably lower than that for any of 
the component states. This phenomenon is termed 
resonance or mesomerism, and the resulting state of the 
molecule is frequently termed a resonance hybrid of the 
component states. The latter term is misleading. 
There is no oscillation or tautomerism between the vari- 
ous formulas; the electron density is rather evened out 
so as to correspond with an intermediate state. In 
addition to lowering the potential energy (7. e., increas- 
inz the stability) of a molecule, mesomerism results in 
the shortening of interatomic distances in the bonds 
coucerned.”’ This point of view is supported by Glass- 
toue (15) who says: ‘‘At one time it was considered that 
the molecule actually spent part of its time in all the 
possible states, the change from one to another occur- 
ting at very high frequency, so that the term reso- 
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nance had some sort of physical meaning, but this view 
has been generally discarded. The interpretation now 
given to resonance is that as a result of the possibility of 
several electronic structures for a molecule, the real 
state is a combination of these which is actually more 
stable. The difference between the potential energy in 
this ‘stationary state’ and that of the states which con- 
tribute in a linear manner to the wave function of the 
molecule is called the resonance energy; it is this, which 
of course has a negative value, that is responsible for 
the stabilization.’’ This picture seems more in har- 


mony with the molecular orbital theory which follows. 


THE MOLECULAR ORBITAL METHOD 


A new method of attack on molecular structures 
known as the method of molecular orbitals has been de- 
veloped by Hund (1928), Lennard-Jones (1929), and 
Mulliken (1931). The wave function or orbital of an 
electron is the equivalent in terms of quantum mechan- 
ics of what has generally been called the electron orbit. 
‘‘A molecular orbital is defined as the wave function of 
an electron as it moves in the field of all the other elec- 
trons and the nuclei constituting the molecule and is 
generally expressed as a linear combination of the 
atomic orbitals’ (15). By the molecular orbital theory 
‘‘all the electrons are involved in the formation of the Ne 
molecule’; each molecular orbital ‘‘is the resultant of 
the action of all the other electrons and the nuclei.” 
All 14 electrons are concerned in the formation of the 
molecule but no electrons are specifically involved in 
the bonds. It is assumed that the 4 K-electrons have 
practically no part or are “nonbonding.” If by lack of 
“accommodation” in its normal level an electron is 
forced to occupy a higher quantum level, it is said to be 
“‘promoted.’’ Since it now has more energy it tends to- 
ward instability and is said to be ‘‘anti-bonding.”’ 
There are two such electrons in the N2 molecule. So 
we have four nonbonding, two anti-bonding electrons, 
and eight bonding electrons. The two antibonding 
electrons may be regarded as neutralizing two of the 
bonding electrons and we have six bonding electrons 
left. This brings the molecular orbital theory into har- 
mony with the classical theory of the tervalence of the 
Nez molecule, z.e., :N:::N:. But strictly speaking the 
molecular orbital view regards the molecule as a single 
unit made up of nuclei and electrons and not of atoms 
or ions held together by valence bonds. 
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FEEL rather embarrassed after listening on Monday 

to all those interesting and profound papers on 
chemical thermodynamics. I feel rather embarrassed, 
I repeat, to be talking about so elementary a matter as 
the proper use of words, for that is what my small effort 
really amounts to. Some of you, however, have no 
doubt read Stuart Chase’s entertaining little book, 
“The Tyranny of Words,” and may recall his illustra- 
tions of the disastrous effects upon economics and phil- 
osophy produced by an unfortunate choice of words 
and phrases. His discussion of the relation between 
language and the natural sciences is perhaps not so pene- 
trating, though well worth reading. Personally, in the 
course of a fairly long life of teaching chemistry to col- 
lege students, I have been impressed by the confusion 
existing in their minds about the underlying basis of our 
knowledge of the natural sciences, and I attribute that 
confusion largely to the misleading language used by 
many of our natural science texts, both high-school and 
college. Of course, it is easy to find fault with a text- 
book, but it is not so easy to sit down and write a better 
one, and I have much respect for the man who finds 
time and patience to put one together. However, I 
want to point out that we as chemistry instructors owe 
it to both classes of students, to those who study the 
natural sciences as a part of a liberal education, and to 
those who study them to help make a living, we owe it to 
both of these groups to use language in our texts and in 
our classes which will not give them a distorted view of 
the present state of our knowledge, and will make them 
realize the inherent limitations of that knowledge. 

This general subject, the philosophical basis of na- 
tural science, sometimes called epistemology, has been 
left pretty much to the philosophers and the psycholo- 
gists, with the natural result that it has been smothered 
in long words. A few experimenters have worked on it, 
however; among them are Kirchhoff; Karl Pearson in 
his ‘Grammar of Science’; Ostwald; Stallo in his 
“Concepts of Modern Physics’; Ernest Mach in ‘‘Die 
Wa4rmelehre’”’; Poincaré; Einstein; and P. W. Bridg- 
man in ‘“‘The Logic of Modern Physics.”’ The general 
subject of ‘‘communication by language’’—that is, the 
proper choice of words to convey meaning, or the 
logic of language—has been given lately the name ‘‘se- 
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mantics” or the science of meaning, and is discussed in J _ 
Stuart Chase’s book already mentioned. - 
The language used in many modern texts of chemistry 4 de 
and physics is misleading. Let me give you a few illus- pan 
trations of this, and of the effect it has upon the student. ie 
A useful and popular college text in chemistry be- , 
gins by mentioning primitive man, and his lamentable i 
ignorance of the ‘‘causes” of natural phenomena. I ead 
quote: ‘‘Water flowed down hill, but he, primitive man, I 
did not know why,” the inference being, of course, that ‘all 
we in this age of enlightenment do know. Well I, for (c 
one, do not, though I am inclined to associate it with the ina 
fact that the moon continues to revolve around the ui 
earth, instead of shooting off into space, and with other (t 
well-known verifiable facts, but this is as far as I can sual 
go. Out of sheer curiosity, I actually asked a student (c 
why water flowed down hill, and he answered, with evi- ale 
dent satisfaction, that it was due to the law of gravita- pes 
tion, a good case of inverted reasoning. i 
Another paragraph (from the same book, I think) (d 
makes this astonishing statement: ‘“The reason iron il 
displaces copper from a solution of a copper salt is that Ty 
iron stands above copper in the electrochemical series.” Pa 
The student promptly gets the idea that there exists hells 
in nature something called an electrochemical series, Of 
and that the elements therein have to obey orders, or fit. ai 
else. It does not occur to him that iron stands above ey 
copper in this series because, among other things, it pre- aeaih 
cipitates copper from solution. In still another text the tacks 
author sticks his neck out thus. I quote again: ‘‘Only We 
recently has the true nature of solutions been discov- eal 
ered.”” So nothing is left for the future, and even Ar- thesis 
rhenius, Van’t Hoff, Ostwald, and all their distinguished thet 
company of the past must take a back seat; it has been nail 
reserved for the present illustrious generation to dis- eat th. 
cover the ‘‘true’”’ nature of things. What the author it bi: 
meant, no doubt, was that a more convenient and useful t 
way had recently been found of describing the behavior aa 
of those common things we call solutions. But con- call 
sider the effect upon the student of the word “true.” saul 
The subject is closed after we use it. bea 
Perhaps the greatest sinner of all in producing mis- it. I 
understanding and mental confusion is the word explain i t P 
as commonly used. It has its legitimate uses, of course, Ga 
but nine times out of ten it is employed merely as a syno- wos 
nym of “describe.” Kirchhoff it was, I think, who is heal 
pointed out many years ago that mechanics was merely meal 
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the accurate description of the motion of bodies, and 
natural science today in general is little more than close 
and accurate description. Unfortunately ‘though, the 
student who is asked to explain something when we 
really mean describe it, often believes he has solved a 
problem instead of merely exercising his memory. I re- 
call wandering quite a few years ago into a classroom 
where a history examination had just been held, and 
on picking up there one of the mimeographed sheets con- 
taining the questions, I found the following gem: ‘“Ex- 
plain Mary Queen of Scots.” I suppose the instructor 
intended his victims to tell something about Queen 
Mary’s life, her times, her contemporaries, and her 
tragic fate, but he surely did not ask for that. We have 
plenty of such cases nearer home, however. Last spring 
I deleted from an examination paper given by one of our 
own junior staff members the question: ‘Explain the 
manufacture of sulfuric acid.” Of course, no student 
could do that, but he ought to be able to describe the 
manufacture of this acid with some precision, and that 
was what the questioner really wanted. 

I pick out the following additional examples, taken at 
random from various chemistry textbooks. 

(a) “Explain the meaning of the following state- 
ment.’ What the writer meant was of course ‘‘state”’ 
the meaning, or ‘‘give’”’ the meaning. 

(b) “Explain how carbon monoxide is produced in a 
stove or furnace.’’ Surely he meant describe or state. 

(c) “Explain destructive distillation as applied to 
coal and wood.”’ Surely again this means describe, or 
discuss. 

And still worse, 

(d) “Explain chemical energy,” whatever that may 
mean. 

The frequent use of this word explain is no doubt due 
to mental laziness, to a disinclination to spend the ef- 

‘fort necessary in finding the proper word. 

Of course we have a right to define a term as we see 
fit, and if the scientific fraternity wishes to use ‘‘explain”’ 
as a synonym of “‘state’’ or ‘‘describe,’’ or ‘‘give,’’ no 
one can say them nay. But the student invariably at- 
taches a deeper meaning to it. 

We have other undesirable words, of course, besides 
true, and explain. False, the opposite of true, is one of 
them. A good textbook of my acquaintance speaks of 
the old phlogiston theory as “false.” Well, maybe it 
was, but this word ‘‘false’”’ is associated in most minds 
with some moral obliquity, and the student who hears 
it used to describe a theory almost unconsciously im- 
putes either moral delinquency or intellectual stu- 
pidity to those who used that theory. Incidentally, the 
concept of “‘phlogiston’’ was quite useful in its day, it 
stimulated and directed chemical study very well 
for along time. I don’t like to use the word “false” for 
it, I prefer to say we have outgrown it, just as we have 
outgrown Arrhenius’ simple theory of aqueous solutions. 

Other words to be used with great caution are the 
words “law,” and particularly the word “‘obey.” It 
is hard for the young student to separate the scientific 
meanings of these words from the common ones. The 


79 


idea of moral obligation arises in his mind when you 
speak of “hydrogen obeying Boyle’s law,”’ and he na- 
ively thinks of this belavior of hydrogen as something 
laudable or creditable. The same confusion, unavoid- 
able, perhaps, appears in the word ‘‘work”’ as used in 
common speech, and in thermodynamics. Indeed all 
technical words which appear also in the language of 
the street are to be carefully watched and, if possible, 
avoided. 

The use of ambiguous and misleading words is, how- 
ever, only one phase of a defect which goes deeper than 
words. The extraordinarily fruitful results of research 
in the last 40 years, in physics, chemistry, and indeed 
in most of the natural sciences, with the unbelievable 
practical applications resulting therefrom, have led to 
an overestimation perhaps of the real status of our 
knowledge. We are constantly personifying and be- 
lieving, so to speak, in the concrete existence of things 
which are pure concepts and have no objective existence 
so far as we know. I recall the indignation shown by a stu- 
dent in thermodynamics when I suggested that perhaps 
the formal treatment of that subject might be simplified 
if we ceased to classify heat as a form of energy, and 
instead set up the coordinate trinity of Matter-Energy- 
Heat. ‘But,’ he said, “heat 7s a form of energy.” 


The idea that our concepts such as heat, energy, and 
matter have an objective existence, instead of being 
mere useful tools which we can modify as we will, is hard 
to destroy. I have had students ask me how we could 
tell what compounds an element could form until we 


knew its ‘‘valence.”” Apparently they thought of va- 
lence as an actual entity, so to speak, attached to each 
element, instead of a useful concept which may be 
abandoned altogether, or radically modified, as it has 
been of late years. . 

It seems superfluous at this late day to insist again 
that chemistry is an experimental science after all, that 
experimental facts, e. g., that chlorine and hydrogen 
when mixed explode vigorously in the sunlight, that 
strong H,SO, takes the moisture out of air, that these 
are the building bricks of the world structure, the in- 
variants, and that our numerous laws, concepts, hy- 
potheses, theories, etc., constitute the scaffoldjng used 
in construction, a scaffolding which is torn down and 
rebuilt repeatedly as the building grows. 

If we assume, as many do, that our future material 
prosperity will depend largely upon our scientific inves- 
tigators, it becomes particularly necessary that the 
sound point of view be presented and maintained in the 
high schools. Excluding geniuses, who are subject to no 
laws, our future research men will carry with them tena- 
ciously the impressions and points of view taken from 
their high-school instructors. How necessary it is then 
that these high-school science teachers be competent 
and well informed, and especially that they have the 
scientific approach to their subject, so that our future 
researchers may acquire from the very first that open, 
tolerant, flexible cast of mind so necessary for investiga- 
tion. 

One of the most forward-looking steps taken by the 
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American Chemical Society for some time is the deci- 
sion to have its Educational Committee study and im- 
prove high-school teaching of chemistry. 

Most of us are accustomed to think that the teaching 
of natural science, since it deals so largely with objects 
and materials, is free, like mathematics, from the human 
factors which make literature, history, and economics so 
troublesome, as well as free from the arbitrary eccentri- 
cities of language study. We are accustomed to think 
it should be especially adapted to teaching correct hab- 
its of thought, and of reasoning, and I suspect that the 
usual science teacher is inclined to regard his subject as 
intrinsically more ‘‘scientific’”’ than other studies, except 
perhaps mathematics. If this belief is to be justifiably 
maintained we need to be very careful of our methods 
and language. 

Let me suggest, therefore, to all high-school and col- 
lege science teachers, that they look carefully into their 
texts and into their minds to see whether or not their 
teaching is founded on the solid rock of experimental 
data, or whether these data are regarded merely as a 
fortunate confirmation of some current theory. This 
is no mere academic question. An acquaintance of 
mine, a chemical engineer, once told me he had decided 
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not to try out a certain scheme, which if successful 
would have achieved a very desirable end, because it 
was contrary to one of the laws of chemistry. Someone 
else, by the way, who was not frightened by the word 
law, did try it later, and patented the result. It had 
not occurred to my friend apparently that the laws of 
chemistry are not handed down from high, but are set 
up by man and can be changed as often as it is found 
convenient to change them. George Claude, the fa- 
mous French engineer, the man really responsible for our 
neon lamps, once said he never allowed theoretical 
considerations to prevent him from trying to do some- 
thing he wanted to do. 

When high-school and college students once get the 
idea that natural science is a well-settled fixed subject 
governed by laws, which in turn are merely illustrated 
by experiments, it is a hard job to turn them later into 
research men. Quoting Bridgman, ‘The experimental 
fact has always been for the physicist, and of course the 
chemist, the one ultimate thing from which there is no 
appeal, and in the face of which the only possible atti- 
tude is a humility almost religious.” 

We have a choice of showing by our language in class 
and in text whether we prefer facts or fancies. 


Out of the Editors Bashet 


ROM one of our readers and correspondents, Pro- 

fessor Pozzi-Escot, the President of the Chemical 
Division of the National Academy of Science in Peru, 
comes an account of an experiment which he carried 
out and thinks might be interesting to others. He has 
thought long on the problem of nitrogen fixation, being 
impressed (like so many) with the fact that oxidized 
nitrogen compounds are so abundant while at the same 
time so much free elementary nitrogen and oxygen occur 
together without combining. A great deal of ‘‘chemical 
energy” is apparently required for this combination, 
energy which might conceivably be obtained from some 
other chemical reaction. It occurred to him that the 
oxidation of aluminum might be a possible source of 
such energy, so he carried out the following experiment: 
An aluminum rod was amalgamated with mercury. 
In this condition the mercury-coated surface of the 
aluminum oxidizes very rapidly, even at room tem- 
perature, with the rapid formation of Al,O;. He said 
to his students: “If I am right, this aluminum oxide 
must now be rich in several of the oxidized forms of ni- 
trogen.’’ He was able to demonstrate this; the oxide 
showed all the reactions of nitrates and nitrites, the 
basic alumina having combined with acidic oxides of 
nitrogen. He goes on to say that magnesium shows the 
same action. 


@ Two holdouts among metals defying electroplating, 
one of the most useful of engineering tools, have at last 
capitulated to Westinghouse engineers, Beryllium and 
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tantalum do not respond to usual electroplating tech: 
niques. Methods have been found for plating beryl- 
lium and tantalum from fused salt baths. Tantalum- 
plated anodes in vacuum tubes offer possibilities of low 
secondary emission, and as an absorber (getter) of stray 
gases. 


e A new bulletin entitled ‘‘Fluorochemistry”’ has just 
been published by Ultra-Violet Products, Inc., 5205 
Santa Monica Boulevard, Los Angeles, California, 
manufacturers of fluorescent ultraviolet lamps. 

It presents the basic concept of luminescence and pro- 
vides information fundamental to the new applications 
of fluorochemistry. The theory and utility of fluores- 
cence are fully discussed. 


@ The great number of uses for glycerin listed in a 
booklet just published by the Glycerine Producers’ 
Association indicates that there are few industries 
which do not, at some stage, employ this versatile fluid. 
The booklet is entitled ‘“‘Nothing Takes the Place of 
Glycerine—1583 Ways to Use It.” It declares that no 
satisfactory substitute has been found for the full range 
of applications offered by this one product. 


@ Pending completion of agricultural research projects 
now under way, Federal entomologists do not recom- 
mend DDT, the war-developed insect killer, for com- 
mercial agricultural use. 

Production of DDT is limited because of expanded 
military programs calling for chlorine and benzene, raw 
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materials required in the manufacture of DDT. In- 
creased military requirements for DDT also make the 
chemical less available for any civilian needs. 

Although DDT is used by the armed forces for 
mosquito control in combat areas, a similar use in 
malarial sections of the United States by civilians is 
not yet practical. Small quantities are now granted 
to the Public Health Service, of the Federal Security 
Agency, for hospitals in this country containing malaria- 
suffering veterans or prisoners of war to prevent a 
spread of the disease here. 

The persistence of its toxicity and the fact that it 
kills so many kinds of parasitic insects that prey on 
injurious species make it necessary to have adequate 
information on the effect its use may have on the 
biological complex before it is applied over wide areas. 

There is need for much more research before in- 
secticides containing DDT can be recommended for 
grower use and made commercially available in a 
form in which they could be generally used. Ex- 
perimentation with DDT must be carried out on a 
larger scale than in the case of many other insecticides 
because of the necessity of appraising the effect its 
use may have on other forms of life, including bene- 
ficial insects. In view of the fact that other insecti- 
cides of proved usefulness, such as arsenicals, rotenone, 
nicotine, and thiocyanates, are available for essential 
agricultural needs, and considering that supplies of 
DDT are needed for essential proved uses in the mili- 
tary and public health field there is no justification of 
recommending a new material for any purpose for 
which it has not been thoroughly tried and proved to 
be effective and safe. 


e A new catalog of more than 3000 organic chemicals 
intended primarily for the laboratory research worker 
and known as List #34, was recently announced by the 
Eastman Kodak Company. 

Marked by a number of departures from previous is- 
sues, the new edition should prove of great help to chem- 
ists in ordering such products. For example, along with 
most of the chemicals listed are included their structural 
formulas and molecular weights. 


e@ Whether synthetic rubber will ever reach the point 
where it will be superior to natural rubber in tires is a 
matter even the experts can’t agree on, but it already 
has outdistanced the tree product in the manufacture of 
household rubber gioves. 

The specially compounded synthetic rubber of 
which they are made is impervious to strong soaps, oils, 
and cleaning fluid chemicals which caused deterioration 
in natural rubber gloves. 


e A new glass which successfully survives exposure to 
corrosive hydrofluoric acid that disintegrates ordinary 
glass, corrodes most metals, and produces dangerous 
burns, has been developed by the research laboratory of 
the American Optical Company. ‘ 
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News Bureau, American Optical Company, Southbridge, Mass. 


Dr. ALExis G. Prncus, AMERICAN OPTICAL COMPANY RESEARCH 

SCIENTIST WHO DEVELOPED THE NEw GLASS, POINTS TO THE 

Lens THAT Has BEEN ATTACKED BY THE ACID FUMES AND IS 

OpaguE. LENS MADE OF THE NeEw Grass Is STILL TRANS- 

PARENT AND CAN BE SEEN THROUGH, AS SHOWN BY THE FACE 
BEHIND THE LENS 


The new glass was specially made to aid in the war 
effort, and is the first known glass to offer major, desir- 
able resistance to the vicious attack of hydrofluoric 
acid. 


e@ Inspection of rocket fuel has been added to the war- 
time duties of Westinghouse X-ray sets. Rocket fuel is 
extruded in solid form. Any voids in the rocket sticks 
mean loss of range, uneven propulsion of the shell, and 
other faulty operation. The voids are detected by X- 
rays. 


’ 


e “Corrosion,” a 54-page publication issued by The 
International Nickel Company, 67 Wall St., New York 
City, is a convenient and comprehensive analysis of 
corrosion principles for both the practical man and the 
technician in the metal field. It has been prepared in 
the belief that a good working knowledge of corrosion 
is the best possible means of securing maximum equip- 
ment life and minimum maintenance costs in situations 
where this destructive process must be taken into con- 
sideration. 


e@ Professor Raymond E. Kirk, dean of the Graduate 
School and head of the Department of Chemistry, and 
Professor Donald F. Othmer, head of the Department 
of Chemical Engineering, Polytechnic Institute of 
Brooklyn, have taken over the editorship of an Encyclo- 
pedia of Chemical Technology. This encyclopedia will 
be published by Interscience Enclyclopedia, Inc., and 
distributed by Interscience Publishers, Inc., New York. 








The Walden Inversion 
in Nucleophilic Aliphatic Substitution Reactions 


CLARA L. DEASY 


University of Illinois, Urbana, Illinois 


INTRODUCTION 


NTIL 1895, when Walden (1) showed that inversion 
of the configuration of an asymmetric carbon atom 
can occur during substitution, it had generally been 
assumed that the entering group in an aliphatic sub- 
stitution reaction took the place of the group displaced. 
The Walden Inversion was then regarded as anomalous 
(2), although some (3, 4, 5, 6), from the frequency of 
its occurrence, believed that inversion represented the 
normal course in substitutions. 
It is the purpose of the present paper to summarize 
briefly the modern viewpoint on the stereochemical 
course of nucleophilic aliphatic substitution reactions. 


MECHANISM OF NUCLEOPHILIC ALIPHATIC SUBSTITUTION 
REACTIONS 


The discovery of the Walden Inversion had not dem- 
onstrated conclusively that inversion of configuration 
was the result, rather than the concomitant, of substitu- 
tion. The causal relationship between substitution 
and inversion was first explicitly proved in 1934 by 
Olson and Long (7). In a study of the simultaneous 
and consecutive reactions which occur when /-bromo- 
succinic acid and chloride ion interact, they showed 
that inversion of configuration takes place when and 
only when one halogen is substituted by the other. 
Even more direct proof of the existence of a causal rela- 
tionship came from the discovery of the fact that the 
velocity of substitution of a halogen on an asymmetric 
carbon atom by its radioactive isotope equals the 
velocity of racemization of the compound (8, 9, 10). 

Since the Walden Inversion occurs only when one 
group on an asymmetric carbon atom is substituted by 
another, the mechanism by which substitution occurs 
has been considered to be of primary importance in the 
determination of the stereochemical course of a reaction. 

The numerous theories which have been advanced 
of the mechanism of substitution are fundamentally of 
two types. Most of the earlier theories postulated that 
substitution is preceded by addition of the reagent to 
the compound (5, 11, 12,13). Similar to this is the idea 
of simultaneous addition and dissociation (14). The 
second viewpoint postulated an ionization of the com- 
pound to be substituted, followed by reaction of the ion 
with the reagent (15, 16, 17). 

Since 1933 Ingold and Hughes have developed a com- 
prehensive theory of nucleophilic substitution which 
correlates much of the earlier theoretical and experi- 
mental work and which is substantiated by their own 
extensive experimental studies (18, 19, 20, 21, 22, 23). 
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Briefly, the Ingold-Hughes theory assumes that 
nucleophilic substitution reactions may take place by 
either of the previously postulated mechanisms: 

(1) An intermediate transition complex may be 
formed, or, in the limit, the entry of the substituting 
agent into the molecule may occur simultaneously with 
the ejection of the group substituted. This process 
can be formulated, using the hydrolysis of the com- 
pound, RX, as an example: 


RX + OH~ — ROH + X- 


(2) The reacting molecule may ionize slowly! and the 
carbonium ion then undergoes rapid reaction with the 
reagent: 


slow 
RX a RY + 


rapid 
Rt + OH- ——— ROH 


For reactions in which the solvent is not involved and 
the concentrations of both reactants are therefore small, 
the first mechanism should lead to second-order kinet- 
ics, and the second to first-order?; many examples of 
both types have been observed experimentally (26, 30, 
31, 32, 33, 34, 35). 

For reactions in which the solvent takes part, both 
mechanisms would show, in first approximation, first- 
order kinetics; but methods which involve a more de- 
tailed examination of the structural, reagent, solvent, 
and salt effects have been advanced to distinguish be- 
tween the two paths (18, 36). 

In general, it can be said that the compound to be 
substituted, the substituting agent, and the solvent 
determine which mechanism will prevail (20, 34). The 
unimolecular path in nucleophilic substitutions is, in 
general, favored when the tendency for R to lose elec- 
trons and for X to gain them is great, when the reagent 
has low nucleophilic activity or is present in low con- 
centrations, or when the solvent has high ionizing ca- 
pacity; the bimolecular path is favored by the reverse 

1 Objections to an ionization mechanism have been raised 
on the grounds that activation energies required for the ioniza- 
tion would be very large (24, 25),. Hughes and Ingold (26) 
and Bartlett (27) have, however, pointed out that the energy of 
solvation of the ions would be sufficient for the unimolecular 
process. 

This process has also been termed ‘‘multimolecular’? by Ham- 
mett (28, 29) in order to emphasize the role of the solvent in the 
ionization. 

? First-order kinetics are to be expected for the unimolecular 
substitution only in the limit, as two other effects, a mass-law 
effect and an ionic-strength effect, cause in general more or less 
marked deviations. These have been predicted theoretically 
and observed experimentally (20, 30). 
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conditions. The type of mechanism involved in a re- 
action can be determined by a systematic study of each 
of these factors. In some cases, as in the hydrolysis of 
isopropyl brom. ie in aqueous ethyl alcohol, it is found 
that both paths are followed simultaneously (37, 38). 


THE WALDEN INVERSION 


From studies of optically active compounds, Hughes 
and Ingold have been able to correlate the configuration 
of the product in nucleophilic substitution reactions 
with the mechanism of reaction (18, 19, 22, 39). 

Bimolecular substitution reactions were found to lead 
invariably to inversion of configuration®; unimolecular 
substitution resulted in retention of configuration, in- 
version, or racemization (18, 39). 

Inversion of configuration is believed to be the normal 
course for bimolecular substitution reactions because 
the energy of the transition state leading to inversion 
(I) will be smaller than that corresponding to retention 
of configuration (II). , 


R’ x 
4d 
4. 
| ant 
R 


(I) (II) 


Dipolar forces which would tend to favor the attack of 
an ionic reagent on one side of the molecule are believed 
to be of little importance. 

The configuration of the product in a unimolecular 
substitution reaction is believed to depend on the car- 
bonium ion formed. In the absence of any group which 
tends to influence the configuration of the carbonium 
ion, it is postulated that a short-lived ion will be par- 
tially protected from ihe attack of the reagent on the 
side of the retreating anion; hence inversion of con- 
figuration with some racemization will result. If the 
carbonium ion is longer-lived, either because of an in- 
trinsically small reactivity or because of the great dilu- 
tion of the reagent, it will tend to have a planar struc- 
ture (27) and will give a racemic product. 

If the carbonium ion has a charged negative group 
which tends to stabilize the ion and to preserve the 


3 Several other workers have also advanced, chiefly on theo- 
retical grounds, the idea that bimolecular substitution leads to 
inversion (40, 41, 42). 
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pyramidal configuration, retention of configuration, 
either partial or complete, will result. 
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‘*Man has consumed more metal so far in the 20th century than in all previous 
history. With only about 5 per cent of the world’s population, we in the United States 


have used nearly 50 per cent of the metals in the past generation. 


Has the United 


States reached its peak of metal consumption? I prefer to believe that it has not.’>— 


Dr. Jeffries 





Survey of Courses and Construction of Tests 


in Biological Chemistry 
GORDON H. PRITHAM* 


University of Scranton, Scranton, Pennsylvania 


HIS report is asummary of the data furnished by 80 
colleges and universities, including 23 medical 
colleges. The survey was undertaken in an effort to 
ascertain the need for a Cooperative Test in biological 
chemistry, similar to those in other branches of chemis- 
try prepared by the Committee on Examinations 
and Tests of the Division of Chemical Education of the 
American Chemical Society and published by the Co- 
operative Test Service.! * * 

The results of the survey seem to indicate a decided 
interest in such a test, since 70 per cent of the responses 
expressed degrees of interest ranging from actual par- 
ticipation in the construction of the test to general 
approval of the project. The remaining 30 per cent 
expressed degrees of disapproval varying from explicit 
opposition to doubts as to the value of the test. 


DATA OBTAINED FROM THE SURVEY 


Total enrollment in biochemistry at the 80 institu- 
tions was 6153, an average of 77 for each class. The 
largest number of students enrolled in biochemistry 
at one institution was 700, while the largest single class 
was 300 and the smallest, 3. In Table 1 are listed for 


each professional goal the number of students, the per- 


centage of the total enrollment represented in each 
group, and the number of institutions in each group. 


TABLE 1 
PROFESSIONAL GOALS OF STUDENTS IN BIOCHEMISTRY COURSES 


No. of No. of 

Professional Goals Students Institutions 
Medicine (in medical schools) 1901 
Premedical 811 
Home Economics 806 
Chemistry majors 664 
Bacteriology or Biology majors 447 
Dentistry 436 
Agriculture 340 
Nursing 303 
Medical technology 
Graduate biochemistry 
Pharmacy 
Physical education 
Veterinary medicine 


Per Cent 


_ 
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It can be seen that 44 per cent of the students in 
the survey were potential physicians. The table also 
shows that medical and premedical students were most 
frequently enrolled in biochemistry courses (91 per 
cent of the cases), chemistry majors being the next in 
order (67 per cent). 

Prerequisites in addition to organic chemistry, which 
was required by all institutions, were, in order: quan- 


* Chairman of the Committee on Biological Chemistry Tests. 

1Van PeEuRSEM, R., “Survey of quantitative analysis 
courses in the United States,” J. Cuem. Epuc., 21, 252 (1944). 

2 CaALANDRA, A., ‘“‘The college chemistry testing program, 
1941-1942,” ibid., 20, 141 (1943). 

* ASHFORD, P. A., ‘“‘The 1940-1941 college chemistry testing 
program,” ibid., 19, 116 (1942). 


titative analysis, 50; qualitative analysis, 19; general 
biology, 10; physical chemistry, 7; zoology, 3; physiol- 
ogy, 3. 

In 60 institutions the course in biochemistry was 
given in the senior year; in 43 cases it was given at the 
graduate level; in 39 colleges students in the junior 
year were admitted to the course; and in five cases the 
course was given to sophomores. 

Twelve different textbooks were used, one of these 
being used at 60 per cent of the institutions, represent- 
ing 42 per cent of the students. The second most fre- 
quently used book was in use at 14 per cent of the col- 
leges, representing 9 per cent of the students Mimeo- 
graphed laboratory manuals were used at 32 per cent 
of the institutions, while three laboratory books were 
used with almost equal percentages at a total of 41 per 
cent of the institutions. 

In 45 per cent of both medical and nonmedical in- 
stitutions the length of the course varied from 15 to 
18 weeks. At another 27 per cent of the medical col- 
leges the length of time was from 20 to 24 weeks, while 
18 per cent devoted from 30 to 36 weeks. In the case 
of the nonmedical colleges the course length was 30 to 
36 weeks in 30 per cent of the cases. 

For medical colleges the total time devoted to class 
work varied from 48 to 144 hours, 77.1 hours being the 
average, while courses in nonmedical institutions ranged 
from 24 to 128 hours, with 54.8 as the average time. 
The total laboratory time in the medical institutions 
varied from 84 to 252 hours, the average course re- 
quiring 163 hours; in nonmedical institutions the mini- 
mum laboratory time was 36 hours and the maximum 
was 256 hours, the average being 87 hours. In three 
nonmedical colleges no laboratory work was given. 
In most cases the time devoted to laboratory work 
varied directly with the time given to lectures and 
recitations. 

It is apparent from Table 2 that medical and non- 
medical institutions devote almost the same amount of 
time to the fundamental topics, but that the medical 
colleges devote from 50 per cent to 250 per cent more 
time to the more advanced and specialized topics. 
Evidently there is a greater tendency to standardize the 
fundamental parts of courses in biochemistry than to 
standardize the advanced and specialized parts. 


THE COOPERATIVE BIOCHEMISTRY TEST 


The division of the proposed test was made on the 
basis of the data shown in Table 2. The number of 
items for each topic will be nearly the same as the per- 
centage of the total time (shown in the last column in 
Table 2) devoted to each topic in the average course. 


(Continued on page 104) 





The Use of Semimicro Technic 
in Organic Chemistry—VI° 


Semimicro Fractional Distillation 


NICHOLAS D. CHERONIS and NATHAN LEVIN 
Chicago City College, Chicago, Illinois 


HE object of the present work was to develop ap- 
paratus for teaching fractionation to students in 
organic chemistry using semimicro quantities and at 
the same time to develop procedures which could be 
used in the organic laboratory for efficient fractionation 
of volumes of from 1 to 10 ml. of liquid. The various 
apparatus for micro and semimicro fractionation which 
have been described in the literature '~'* were found 
too elaborate or expensive for student use, though 
some give very good results. Two reasons were re- 
sponsible for the further development of the semimicro 
fractionation apparatus previously described.!’ First, 
it was found pedagogically desirable to retain the 
traditional treatment of fractionation by means of a 
fractionating column; second, the results obtained in 
actual student work with the type of column shown in 
Figure 1 indicated that considerable improvement was 
needed. 
The adoption of the type of column shown in Figures 
1 and 2, which is essentially a traditional fractionating 
column diminished in size, was dictated by the lack of 
an accurate and inexpensive microthermometer. In 
most apparatus for semimicro or microdistillation the 
temperature at which fractions are taken is estimated 
from the temperature of the bath, a procedure which 
cannot be asked of a beginner. Other types of micro- 
distillation apparatus are designed for making arbi- 
trary fractions. Such microthermometers as are avail- 


* Presented before the Division of Chemical Education of the 
American Chemical Society, 107th meeting, Cleveland, Ohio, 
Apr. 5, 1944. 

1 Frrepricus, Z. Angew. Chem., 32, 340 (1919). 
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able leave much to be desired. The graduations are 
in 2° or more, and the price for a set of three thermom- 
eters required for the interval of 20° to 300° is about 
$15 to $18, a figure which makes their use by students 
prohibitive. An efficient thermometer for micro or 















































FIGURE 2.—APPARATUS FOR 
SEMIMICRO FRACTIONATION 











FicuRE 1.—APPARATUS FOR 
SEMIMICRO FRACTIONATION 


semimicro work at a reasonable price is highly desir- 
able, but has not yet been developed. 

The setup shown in Figure 1 uses an eight-inch test 
tube for the boiling kettle. In Figure 2 the kettle con- 
sists of a 25-ml. pyrex round-bottom flask. The present 
investigation dealt primarily with the effect on semi- 
micro separation of liquids by fractional distillation, 
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and emphasizes the following factors: (1) the effect 
of height of the column; (2) the effect of the packing; 
(3) the effect of the rate of vapor withdrawal, or rate of 
distillation; (4) the effect of insulation. 

1. Effect of Height of Column. Although the ef- 
ficiency of separation usually increases with increase 
in the height of the column, in semimicro work the 
greater holdup which results as the height of the column 
increases acts as a limitation. Various lengths in the 
semimicro column were tried from 120 to 300 mm. 
From results obtained in a large number of fractiona- 
tions it was decided to limit the height of the column 


III x 


FiGuRE 3.— PACKINGS FOR SEMI- 

MICRO COLUMNS. NUMBERS 

REFER TO DESCRIPTION GIVEN 
IN TABLE 1 


to 160 mm. and increase the efficiency of fractionation 
by improving the packing of the column. 

2. Effect of Various Packings. The original packing 
used in this type of semimicro column was a single or a 
double wire spiral of nichrome wire. When this be- 
came a critical war material, iron and also zinc wires 
were used. Though these packings could be used by 


100 











Temperature, °C. 





A 























4 8 12 16 
Volume of Distillate in Milliliters * 
(Rate of distillate withdrawal, 0.5 ml./min.) 
Column: Length 140 mm.; O.D. 8 mm. 
Packing: Roman numerals as shown in Table 1. 


FIGURE 4.—SEMIMICRO FRACTIONATION OF 20 ML.-MIxTURE OF 
EQuaL VOLUMES METHANOL AND WATER 
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beginning students, the efficiency was not high, and it 
was considered advisable to investigate a large number 
of packings in order to find a material which would give 
high efficiency, and at the same time be free from cor- 
rosion. The various types of packing used are sum- 
marized in Table 1, and shown diagrammatically in 
Figure 3. 
TABLE 1 
SEMIMICRO FRACTIONATING COLUMNS 


Dimensions* 
Number (Length Mm.) 


I 140 


Nature of Packing 


Single wire spiral; aluminum wire 115 cm. in 
length and 0.05 mm. in diameter; 65 spirals 
Double wire spiral; outer same as in I; inner 
100 cm. in length; 80 spirals 

Wire helix on glass tubing; tube: 150 X 4 
mm.; inner wire 40 cm. in 70 spirals; outer 
36 cm. in 18 spirals 

IV Glass capillaries 0.4 to 0.6 mm. in diameter and 

140 mm. in length 
Vv Solid glass rods of 0.4 to 0.6 mm. in diameter 
and 140 mm. in length 

VI Glass yarn 2 mm. in diameter; length 25 cm.; 
15 spirals 

Podbielniak Heli-grid packing 

Square glass rod 140 mm. in length; 4.5 mm. in 
diameter; twisted to form 9 spirals 

Glass yarn 1 mm. in thickness; 25 cm. in length; 
40 spirals loose fitting within column 

Glass yarn 1.3 mm. X 25cm.; wound on 140 X 4- 
mm. glass rod; 20 spirals; just fits within the 
column 

Glass yarn 0.8 mm. X 30 cm. on glass rod; 45 
spirals; fits very loosely 

Same as X; diameter of rod 3 mm.; length of 
glass yarn 30 cm.; 25 spirals; fits easily 

Same as No. VII 

Glass yarn 13 mm. X 45 cm.; wound ona 
160 X 4-mm. rod; 24 spirals; fits easily 

Glass yarn 1.3 mm. X 50 cm.; wound on a 
3-mm. glass rod; 30 spirals; fits easily 

Podbielniak Heli-grid packing 


II 140 
III 140 


XV 160 
XVI* 160 


* Diameter of column unless otherwise specified; O.D. = 8 to 8.5 mm.; 
LD. = 6to6.5 mm. 
t+ Diameter outside 6.5; inside 4.5 mm. 


To measure their efficiency, various types of pack- 
ing mixtures of methanol-water, acetone-ethanol, 
and benzene-toluene were fractionated, using the 
same conditions throughout but changing the type of 
packing. The results obtained with the methanol- 
water mixture are summarized in Figures 4 and 5 in 
which the volume of the distillate is plotted against the 
temperature. In this manner the packings which 
showed efficiency were selected. These were the glass 
yarn spirals and the Podbielniak Heli-grid packing.” 
Since the Heli-grid packing cannot be removed and 
inserted these columns were specially constructed.” 
Inspection of curves IX and X in Figure 5 shows that 
even with the same type of glass yarn spiral the con- 
tact of packing with the walls of the column is of im- 
portance. In column number IX the glass yarn spiral 
fits loosely and hence vapor ascends easily upwards, 
while in column number X the vapor ascends through 
the space left between the glass yarn spiral and the 
walls of the column, and hence has a greater contact 
opportunity. Comparison of curves VII and X indi- 
cates that a properly constructed glass yarn spiral com- 


18 PopBIELNIAK, Ind. Eng. Chem., 13, 639 (1941). 
19 Podbielniak MC-706 ‘‘Micro-Coi’’ distilling tube, Podbiel- 
niak Centrifugal Super-Contactor Co., Chicago, Illinois. 
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pares favorably with the PodbieJniak type of packing. 
This is also shown in Figure 6, which represents a com- 
parison of the efficiency of fractionation of 10 ml. 
methanol-water mixture in three of the columns 
selected on the basis of previous tests. Curves II and 
III are for glass yarn spirals of 30 and 24 turns, respec- 
tively. By means of these three packings it was pos- 
sible to obtain 4.5 to 4.7 ml. of 95 per cent methanol 
from a 10-ml. mixture of 50 per cent methanol in a 
single distillation. 

3. Effect of Distillation Rate. Comparison of curves 
VII and XIII in Figure 5 shows that no matter how 
efficient the packing may be, if the rate of distillation 
is rapid, conditions for equilibrium become less favor- 
able with consequent drop in the efficiency of the sepa- 
ration. The rate of vapor withdrawal must be so con- 
trolled that the necessary equilibrium conditions are 
established and heat interchange takes place in the 
column. High reflux causes flooding and the slugs of 
liquid reduce the effective area of packing. Extreme 
conditions of flooding are indicated when the liquid 
accumulates in the upper part of the column just below 
the thermometer with vapor bubbling through the 
liquid. The effect of the rate of vapor withdrawal 
on the efficiency of separation is strikingly illustrated 
by the results of three fractionations summarized in 
Figure 7. If the rate of distillate withdrawal is main- 
tained to about 0.5 ml. per minute the separation is 
poor. If, on the other hand, the rate is dropped to 
0.2 ml. per minute, the separation is very good for the 
type of column and packing, since in a single fractiona- 
tion it is possible to obtain 4.8 ml. of 96 per cent 
methanol from a 10-ml. mixture containing 5 ml. of 
pure methanol. 

4. Effect of Insulation. If there is considerable cool- 
ing as the vapors ascend the column very little equilib- 
rium can be established, and consequently poor sepa- 
ration will result. To prevent cooling on the walls of 
the column two types of jacket were used. One is 
easily constructed by the student from asbestos paper; 
the other was a Podbielniak MC-705 ‘‘Micro-Col’’ 
vacuum jacket with multiple metal radiation shields.'® 
The effect of insulation is shown in Figure 8. Using 
the same column, 10-ml. mixtures of equal volumes of 


a methanol and water were fractionated, first without 


any jacket, and then using the asbestos and vacuum 
jackets. The curves show that the efficiency of the 
vacuum jacket is highest; the asbestos jacket, when the 
cost is taken into consideration, compares favorably 
with the vacuum jacket. 

Theoretical Plate Value of Semimicro Columns. 
The apparatus shown in Figure 2 was used. A capil- 
lary provided with a stopcock was sealed on the flask 
about 15 mm. from the bottom. The capillary was 
bent downward at right angles 50 mm. from the seal. 
The liquid within the flask was above the capillary seal, 
so that it was possible by opening the stopcock to with- 
draw rapidly a few drops of the liquid within the flask. 
The column was provided with a vacuum glass jacket, 
and the cork and thermometer replaced by a stopper 
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(Rate of distillate withdrawal, 0.5 ml./min.) 


Packing: Roman numerals as shown in Table 1. 


























FIGURE 5.—SEMIMICRO FRACTIONATION OF 20-ML. MIXTURE OF 
EQuaL VOLUMES METHANOL AND WATER 


holding a microcondenser. A mixture of n-heptane 
and methylcyclohexane was placed in the flask and 
heat was applied by means of a small flame of a micro- 
burner, so that gentle refluxing took place. At inter- 
vals of one hour 3 or 4 drops of liquid were withdrawn 
from the kettle and from the top of the column into 
separate small tubes. The latter sample was collected 
by removing the microcondenser and collecting the 
drop of liquid accumulated at its tip. The refractive 
indexes of the samples were determined. When two 
successive samples gave the same reading equilibrium 
was established, and these readings were used to calcu- 
late the number of theoretical plates. The Podbiel- 
niak MC-706 microcolumn and the glass yarn spiral 
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Volume of Distillate in Ml. 
I = Podbielniak Heli-grid Packing; II = Glass Yarn Spiral 


























No. II; 30 spirals. III = Glass Yarn Spiral No. III; 24 spirals. 
Column: Length, 160 mm.; O.D. 8 mm. 
Average rate of vapor withdrawal 0.2 ml./min. 


FIGURE 6.—SEMIMICRO FRACTIONATION OF 10-ML. MixturEs OF 
EQuaL VOLUMES METHANOL AND WATER 
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FIGURE 7.—EFFECT OF RATE OF DISTILLATE WITHDRAWAL’ IN 
SEMIMICRO FRACTIONATION OF 10-ML. MIxTURE OF EQuaL 
VOLUMES METHANOL AND WATER 


column No. 3 required 5 to 6 hours of refluxing to ar- 
rive at equilibrium conditions. The Podbielniak 
column gave tests for 14 theoretical plates, and the glass 
yarn column 11 theoretical plates. 

Construction of Semimicro Columns and Packings. 
The glass column is about 180 mm. in length. The up- 
per length of 40 mm. has a diameter of 28 to 30 mm. 
to permit insertion of the thermometer. The column 
proper used for packing has a length of 160 mm. and 
8 to 8.5 mm. outside diameter with 6 to 6.5 mm. inside 
diameter. These glass columns are commercially 
available.*° The glass yarn packing is made as follows: 





2%” Wilkens-Anderson Company, Chicago, Illinois. 
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FIGURE 8.—EFFECT OF JACKET DURING SEMIMICRO FRACTIONA- 
TION OF 10-ML. MIxTURE OF EQUAL VOLUMES OF METHANOL AND 
WATER 
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JouURNAL OF CHEMICAL Epucation §f 
Take a piece of glass red 4 mm. in diameter and 200 mm. 
in length. Heat the rod in a burner 30 mm. from the JF 
end and draw it out slightly so as to reduce the thick- Jp; 
ness of a small section to 2 mm. Repeat the process p 
at the other end. With the file, cut the main section J p 
140 to 145 mm. in length. This provides a rod of § wy 
4-mm. thickness whose ends are tapered off to 2 mm. § wy 
Obtain a piece of glass yarn 300 to 400 mm. in length, § p 
and 1.3 mm. thick (Glass Yarn No. 50). Place one & so 
end of the yarn close to one end of the rod, and tie it § sh 
securely to the rod by means of an ordinary thread. § 9 
Hold the glass yarn by one hand and rotate the glass 9 ti 
rod by the other so that the yarn is wound into a § , 
spiral around it. Space the glass yarn evenly and at & re: 
such distance that 25 to 30 turns are completed by the § 
yarn. Tie the other end of the yarn to the tapered end § ja 
of the rod, and cut off the excess. Prepare a very small 9 4s) 
amount of “‘Sauereisen cement’’?° by mixing the filler J 13 
with the liquid, so as to obtain a mixture which is 9 of 
not too thick. By means of the microspatula place a § py 
small amount of the cement on the tapered ends of the q 
rod so as to cover the junction of the yarn and rod. § Fi; 
Avoid placing the cement too thickly as it will be im- J tio 
possible to insert the packing into the column; one J mr 
end of the rod may be covered with cement so as to §f of 
form a knob, which will prevent the packing slipping § poi 
down the column. The rod is washed, after the cement § 14( 
has dried, in hot water to remove the soap contained in § am 
the glass yarn. It is allowed to drain and dry and then J of | 
it is ready for use. The packing can be heated with yar 
cleaning solution of aqua regia without affecting the § stri 
yarn or cement. wot 
Operation of Micro Column. ‘The packing is inserted J abo 
into the column from above. The glass yarn should fit J the: 
snugly into the glass column; loose fitting will result § The 
in poor fractionation. If possible the packing is wetted  glas 
with the liquid to be distilled, and then inserted from § case 
above. If the amount of liquid is small, then the pack- §f littl 
ing is inserted in place, the jacket adjusted, and the § tus 
column fitted into the boiling flask or tube. The kettle 8 liqui 





is then loosened so as to provide an escape for air 
and the liquid to be distilled is poured slowly through 
the top of the column into the boiling vessel. The cork 
holding the column is inserted securely into the open- 
ing of the boiling vessel and heat is applied. When 
bofling begins and the vapors reach the upper part of 
the column flooding may occur on the upper part just 
below the thermometer. In such case the flame is 
momentarily removed and adjusted, so that distilla- 
tion starts at a very slow rate. When the boiling 
points of the components of the mixture are high as, 
for example, in the fractionation of a mixture of aniline 
and nitrobenzene, there will be considerable flooding 
in the beginning. To offset the heat loss, as soon as 
the boiling begins a flame is directed against the asbestos 
jacket, particularly the upper part, until any flooding 
that may have started has disappeared; and the flame 
is moved over the jacket so that distillation proceeds 
slowly without flooding. The amount of liquid which 
remains in the column (holdup) is 0.5 to 0.7 ml. 
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Construction of Asbestos Jacket. Asbestos jackets for 
semimicro columns are easily constructed from asbestos 
paper about 1 mm. in thickness. Cut three or four 
pieces 150 mm. in length, and 75 to 90 mm. in width. 
Place one piece on a table and moisten it thoroughly 
with dilute sodium silicate solution (equal parts of 
water and commercial sodium silicate solution). 
Place the other pieces on top and saturate both with 
sodium silicate solution. Wrap the wet asbestos 
sheets tightly around a piece of 8-mm. glass tubing 
200 mm. in length. By means of a string or wire 
tie the jacket at each end and at the middle, and dry in 
a warm place. When the form of the jacket has set, 
remove the glass tube and allow to stand overnight. 
The string or wire may be removed, after heating the 
jacket to dry it. By means of a sharp knife cut the 
asbestos jacket to the required length, which is about 
135 mm. It should fit tightly against the upper part 
of the column, and on its lower edge against the cork 
by which the column is attached to the boiling vessel. 

Apparatus for Fractionation of 1 to 2 Ml. of Liquid. 
Figure 9 is a diagram of an apparatus for the frac- 
tionation of 1 to 2 ml. of liquid. The bulb is 15 to 20 
mm. in diameter, but it can be made smaller for samples 
of 1 ml. Similarly, the length of the column from the 
boiling vessel to the side tube may be varied from 70 to 
140 mm. The longer the column the greater the 
amount of holdup. The column can be constructed 
of 6- or 8-mm. glass tubing. For the former, glass 
yarn of 0.8-mm. thickness (No. 10)” is used to con- 
struct the spiral. The rod around which the yarn is 
wound is of 3-inm. thickness. The part of the column 
above the side arm is flared to permit the insertion of a 
thermometer with a piece of rubber tubing around it. 
The column connects to the boiling flask, either by a 
glass joint or by means of rubber tubing. In the latter 
case the bulb is first blown on the glass and then cut a 
little above the point shown in Figure 9. This appara- 
tus is useful in the fractionation of small amounts of 
liquids in routine analytical work. 
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The authors wish to acknowledge the help of Dr. 
W. J. Podbielniak and H. R. Kaiser for suggestions 











* FIGURE 9.—APPARATUS FOR 
FRACTIONATION OF 1 TO 2 ML. oF 
LiguIp 


and materials in the determination of the theoretical 
plate values of semimicro columns; of Mr. Walter 
Burfischer of Wilkens-Anderson Company for supply- 
ing the major part of the packing materials used in the 
semimicro columns. 


There is power in a waterfall, in a B24, in an acorn. But there is a greater power 
in education which teaches men how to control the forces of nature and changes the 


thoughts and the actions of man himself. 


“WHAT MAKES A NATION GREAT? 


Not its land, not its mines, not its rivers, not its forests, not its money—important 
as these things are. Only people make a nation truly great. 

Natural resources are of vital concern to a nation but they must be developed and 
used by people. Our country is richly blessed with the gifts of nature. 

Science and technology—strictly manmade—are producing synthetic substitutes 
for many natural resources that we do not have. The future is bright with hope because 
educated men and women can-perform these wonders. 





Morley’s Method for Filling Drying Tubes | 
with Phosphorus Pentoxide 


HAROLD SIMMONS BOOTH 


Western Reserve University, Cleveland, Ohio 
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ANY years ago, the writer, then a young graduate 


modest reply written in his clear hand, shown‘herewith, 
student at Cornell University, needed to use a 


drying tube to absorb and weigh a small amount of 
moisture entrained in a current of nitrogen. With 
considerable trepidation the writer wrote Professor 
Morley, then in retirement in Hartford, to inquire as to 
how small a tube could be used with safety. The 


has inspired many of the writer’s graduate students, 
and at their suggestion the writer is*publishing it here 
with the thought that it will be a real help to others 
working in the field, and also so that this valuable 
human document may be preserved for future investi- 
gators. His letter follows: 
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November 7, 1917. 
My dear Dr. Booth: 

Your note came several days ago, but I had to await the 
coming of the separata before replying, and was, by the result, 
justified in so doing, for in your larger pamphlet, I found you 
had rightly filled the pentoxide tube. The essential point is, 
to have diaphragms of asbestos or the like which shall keep the 
pentoxide so packed across the tube as to compel the gas to go 
through the drying agent, even after some sections have taken so 
much moisture as to shrink and leave channels in which the gas 
only passes over the agent. In such case, a skin of HPO; forms 
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ond tube somewhat warm, to favor oxidation, and a few litres 
will prove the case. Some pentoxide, (as used in incandescent 
lamp works), will take up a good deal of oxygen. 

I venture to describe the filling of a drying tube. You prob- 
ably know as much about the process as I do, but possibly a hint 
may help. Pass dry air up through the tube at the end which 
is to be the exit. Put a funnel of copper foil at the other end, to 
keep pentoxide from contact with the glass at a where it is to be 
drawn down in the blowpipe flame. Now put down the lowest 
plug, pour in pentoxide, put the second plug in, and so on, ending 
with the last plug. Now, continuing the current of dry air 
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on the surface, and the drying agent is very ineffective. But if 
next a diaphragm keeps the next section full, the gas will from 
that point go through pentoxide, and get well dried. 

A tube ten centimeters long and 2 cm. in diameter ought to be 
ample for your experiment. Doubtless you will devise experi- 
ments to prove this, which will be very easy. 

You do not need to purify pentoxide for drying gasés. It is 
only necessary to find that your sample does not absorb oxygen. 
Pass air, dried in one pentoxide tube, through a second weighed 
pentoxide tube and see if the latter gains weight. Keep the sec- 
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fuse a and draw it down, and seal on the entrance tube of the 
completed drying tube. 
I shall look with interest for your account of your new experi- 
ments. If any further suggestions are desired, pray let me know. 
Very truly yours, 
(sgd) Epwarp W. Mor.Eey 


Nowadays the investigator uses glass wool instead 
of asbestos. It is advantageous to-dry-the glass wool 
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in an oven and cool in a desiccator before use lest its 
adsorbed moisture decrease the capacity of the pentox- 
ide. Barium oxide! is more convenient than phos- 
phorus pentoxide and if used in a drying tube about 
twice as long (to compensate for its larger crystal 
size) is as effective as the phosphorus pentoxide. 
Morley’s favorite remark was “It is easy enough to 
dry a gas—the hard thing to do is to dry the glass 
(apparatus). Morley had no use for any drying agent 


1 Boot, H.S., AnD L. H. McIntyre, Ind. Eng. Chem., Anal. 
Ed., 2, 12 (1930). 
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known at that time save phosphorus pentoxide, as 
witness the following incident. Morley in his later 
years was working at the neighboring Physics Labora- 
tory of Case School of Applied Science with Dr. Day- 
ton C. Miller on further experiments on ether-drift 
when he chanced to walk into the laboratory where a 
young graduate student in physics was setting up an 
all-glass gas apparatus. Pointing to a drying tube on 
the apparatus he inquired as to what was in it. ‘‘An- 
hydrous €alcium chloride to dry the gas,” replied the 
student. ‘‘Humph!” snorted Morley, ‘‘that is the way 
I wet my gases.” 


| Modified Maquenne Melting-point Block 


F. W. SCHNEIDER and E. W. BLANK 
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SECTION THROUGH A-A 


MELTING POINT BLOCK 
MODIFIED MAQUENNE TYPE 


FIGURE 1 


HE determination of melting points in a liquid 

bath is a dangerous operation, especially at high 
temperatures. Use of the Maquenne block (i, 2, 3) 
automatically eliminates most of the hazards involved 
in the operation and at the same time facilitates ob- 
taining the melting point of substances that sublime or 
decompose on heating. It, likewise, avoids the neces- 


sity for capillary tubes (the sample may be placed in 
direct contact with the block) and permits working at 
temperatures up to 500°C. or higher, depending upon 
the range of the thermometer employed. 

Jacquemain (4) recommends plating the block with 
chromium to minimize radiation. Dennis and Shelton 
(5) have described an electrically heated modification 
of the Maquenne block which is commercially avail- 
able (Burgess Parr Co., Moline, Illinois). The Fisher 
Scientific Company also sells ‘an electrically heated 
Maquenne type block (No. 12-142 Melting Point Ap- 
paratus). Both of the fatter instruments are limited to 
temperatures of 300°C. or less. 


DESCRIPTION OF BLOCK 


This paper describes the construction of an efficient 
and novel modification of the Maquenne block designed 
for rapid and uniform heating with a minimum of 
radiation. Figure 1 illustrates the block and gives 
the constructional dimensions. The vertical holes 
piercing the block not only assist in heating but also 
facilitate ‘cooling. When a series of determinations 
must be made, the temperature of the block may be 
quickly lowered by directing a stream of air through it. 

The dimensions of the block may be varied slightly 
if desired. Brass, copper, or aluminum is suitable 
material for construction. If brass or copper is em- 
ployed, oxidation of the block may be prevented by 
plating the working surface with chromium or gold. 
The finished block may be wrapped with asbestos tape 
and inserted in a metal shell. This shell may be made 
from any suitable material. In the case of the block 
here described, a section cut from an aluminum essential 
oil container was used. The bottom half was cut from 
the aluminum container and the center of the bottom 
of the resulting cup was removed before slipping over 
the asbestos-wound block. The metal shell gives a 
finished appearance to the instrument although it is 
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quite as efficient in operation when merely wrapped 
with the asbestos. 

For low temperatures the block is heated by means of 
a microburner flame directed at the apex of the cone 
on the under surface of the block. A Bunsen burner is 
used for work at high temperatures. The copper tube 


which supports the thermometer in a horizontal posi- 
tion is provided with several longitudinal slits which are 
pressed inward and provide sufficient traction to sup- 
port the thermometer. Thermometer lag can be 
minimized by packing copper filings around the bulb. 


PROCEDURE 


Insert a thermometer of suitable range in the side of 
the block. The top of the block should be clean. If it 
is not, it should be polished with fine emery paper or 
metal polish. Powder a small quantity of the com- 
pound whose melting point is to be determined. Heat 
the block over a low flame so that its temperature rises 
very slowly. Place a small quantity of the compound 
in the center of the depression on the top surface of the 
block. If the compound does not melt instantly, re- 
move it from the surface of the block by means of a 
small wad of filter paper. After a suitable increase in 
temperature, say 10°C., repeat the operation. Con- 
tinue in this manner until a temperature is reached at 
which the compound melts. As the temperature of 
the block approaches the melting point of the com- 
pound, the thermometric intervals at which the com- 
pound is placed on the block should be decreased. 

It is also possible to use the block by placing the 
sample between two cover glasses inserted in the de- 
pression of the block. In this case the sample is in 
contact with the block throughout the whole deter- 
mination. A circular shelf of large diameter (3 cm.) 
is provided so that the cover glasses may be covered in 
turn with a small. watch glass. A low power lens may 
be used to observe the sample when working with very 
small quantities of material. The sample may be il- 
luminated by an oblique beam of light from a micro- 
scope lamp or other source of illumination, to facilitate 
observation of the melting point. 


CALIBRATION OF BLOCK 


The melting points of a large number of substances 
were determined by use of the block and compared 
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with the melting points obtained by the usual capillary 
method.. In determining the melting points by use 
of the block the samples were placed between cover 
glasses. 

Chamot and Mason (6) give a table of substances 
suitable for calibration purposes together with their 
melting points. Both sets of melting points were cor- 
rected in the usual manner. The results obtained are 
shown in Table 1. Both sets of melting point values 
may be plotted against the corresponding temperatures 
to provide a calibration curve for the instrument which 
may be used in comparing values obtained by the two 
different methods. Very close correlation was ob- 
served, the melting points obtained by use of the block 
being slightly less than those obtained by the capillary 
method. 


TABLE 1. 
MELTING Pornts BY MAQUENNE BLocK AND CAPILLARY TuBE MgtTHops 


Melting 
Point by 
Capillary — 
Melting 
Point by 
Maquenne 
Block, 
°C. (Corr.) 


Melting 
Point by 
Capillary, 


Melting 
Point by 
Maquenne 
Block, 
°C. (Corr.) 
48.6 
67.2 
80.3 
108.8 
120.1 
132.4 
143.8 


Theoretical 
Melting 
od Point (6), 
(Corr.) 7G: 
49.5 
68.8 
82.5 
110.6 
121.9 
133.4 
145.5 


Compound 
Thymol 
Coumarin 
Vanillin 
Resorcinol 
Benzoic Acid 
Urea 
Anthranilic Acid 
Ammonium Thio- 

cyanate 
Salicylic Acid 
Brucine 
Silver Nitrate 
Phenolphthalein 
Alizarin 


148.4 
156.2 
174.9 
208.8 
261.2 
290.1 


150.1 
158.6 
176.5 
210.0 
261.9 
290.2 


* Sodium Acetate, An- 


hydrous 329.6 
Potassium 


mate 


Dichro- 
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The schools are citadels of democracy in war or in peace. It is often said that we 
were not prepared for war. This was true in the sense that we did not have guns and 
tanks and planes or men in uniform. But through the years we had been preparing 
people in our schools—adaptable, intelligent young people. 





Here and There in the Trade Literature 


HE December number of the Du Pont Magazine 

(E. I, du Pont de Nemours & Company, Wilming- 
ton, Delaware) is an especially fertile one, containing an 
article on ‘‘High pressure synthesis” (describing the pro- 
duction of ammonia, methanol, and other substances); 
another on the properties and uses of the new plastic, 
polyethylene; and still another on the many uses of 
Freon, difluo-dichlor-methane. 


For some light but interesting reading in general sci- 
ence, see an article entitled, “‘“Science has major role in 
progress of aerial warfare,” in the last number (Vol. 15, 
No. 2) of The Laboratory (Fisher Scientific Company, 
711 Forbes-St., Pittsburgh, Pennsylvania). 





So many inquiries have come to us about the trade 
literature in chemistry that we have decided to list be- 
low all the periodicals of this type that come to the 
Editorial Office, with their sources. We are quite 
aware that this is not a complete list of the field, for we 
are continually receiving new ones. 


TRADE PERIODICALS RECEIVED IN THIS OFFICE 


Allied News—Allied Radio Corporation, 833 West Jackson Boule- 
vard, Chicago 7, Illinois 

Alloy Pot—New Jersey Zinc Company, 160 Front St., New York 
fe te 

Aminco Laboratory News—American Instrument Company, 
8030-8050 Georgia Ave., Silver Spring, Maryland 

Bakelite Review—Bakelite Corporation, 30 East 42nd St., New 
York, N. Y. 


Bausch & Lomb Magazine—Bausch & Lomb Optical Company,, 


Rochester, New York 

Cenco News Chats—Central Scientific Company, 1700 Irving 
Park Rd., Chicago, Illinois 

Ciba Review—published in Switzerland by the Society of Chemi- 
cal Industry in Basle, represented by Ciba Company, 627 
Greenwich St., New York, N. Y. 

Clinical Excerpts—Winthrop Chemical Company, 170 Varick 
St., New York 13, N. Y. 

Copper Alloy Bulletin—Bridgeport Brass Company, Bridgeport, 
Connecticut 

Curves and References—Wilkens-Anderson Company, 111 N. 
Canal St., Chicago, Illinois 

D-H Alloy Craftsman—Driver-Harris Company, Harrison, New 
Jersey 

Dow Diamond—Dow Chemical Company, Midland, Michigan 

Du Pont Magazine—E. I. du Pont de Nemours & Company, 
Wilmington, Delaware 

Dutch Boy Painter a Lead Company, Room 1815, 

Dutch Boy Quarterly 111 Broadway, New York 6, N. Y. 

Dyestuffs—National Aniline Division, Allied Chemical & Dye 
Corporation, 40 Rector St., New York, N. Y. 

El’ Chem—Electrochemicals Department, E. I. du Pont de Ne- 
mours & Company, Niagara Falls, New York 

Electromet Review—Electro Metallurgical Company, 30 E. 42nd 
St., New York, N. Y. 

Erpi Film News—Encyclopaedia Britannica Films, Inc., 1841 
Broadway, New York, N. Y. 

Esso Oilways—Penola, Inc., 26 Broadway, New York, N. Y. 

Foote Prints—Foote Mineral Company, 1609 Summer St., 
Philadelphia, Pennsylvania 


General Radio Experimenter—General Radio Company, 30 State 
St., Cambridge 39, Massachusetts 

Glass Lining—Pfaudler Company, Rochester, New York 

Inco—International Nickel Company, 67 Wall St., New York, 
NY. 

Industrial Bulletin of Arthur D. Little, Inc—Arthur D. Little, 
Inc:, 30 Memorial Drive, Cambridge, Massachusetts 

Interchemical Review—Research Laboratories of Interchemical 
Corporation, 482 W. 45th St., New York, N. Y. 

Kelloggram—M. W. Kellogg Company, 225 Broadway, New 
York, N. Y. 

Laboratory—Fisher Scientific Company, 711 Forbes St., Pitts- 
burgh, Pennsylvania, and Eimer & Amend, 635 Greenwich 
St., New York, N. Y. 

Lamp—Standard Oil Company of New Jersey, 30 Rockefeller 
Plaza, New York, N. Y. 

Mechanical Topics—International Nickel Company, 67 Wall St., 
New York, N.Y. 

Merck Report 

Merck Review 

Milvay Notebook—Chicago Apparatus Company, Chicago 22, 
Tilinois 

Monsanto Magazine—Monsanto Chemical Company, St. Louis, 
Missouri 

National Fireworks Review—National Fireworks, Inc., West 
Hanover, Massachusetts 

Nickelsworth—International Nickel Company, 67 Wall St., New 
York, N. Y. 

Nutritional Observatory—H. J. Heinz Company, Pittsburgh 12, 
Pennsylvania 

Ohmite News—Ohmite Manufacturing Company, 4835-41 Flour- 
noy St., Chicago 44, Illinois 

Pig Iron Rough Notes—Sloss-Sheffield Steel and Iron Company, 
Birmingham, Alabama 

Pioneer—Niagara Alkali Company, 60 East 42nd St., New York, 
N. Y. 


—Merck & Company, Inc., Rahway, New Jersey 


—Pittsburgh Plate Glass Company, 


Pittsburgh People : 
‘ 632 Duquesne Way, Pittsburgh, 
Pittsburgh Plate Products Pennsylvania 


Power Specialist—22 E. 40th St., New York 16, N. Y. 

Process Industries Quarterly—International Nickel Company, 67 
Wall St., New York, N. Y. 

Research Today—Eli Lilly & Company, Research Laboratories, 
Indianapolis, Indiana 

Rohm & Haas Reporter—Rohm & Haas Company, Washington 
Square, Philadelphia, Pennsylvania 

Shell News oo Oil Company, 50 West 50th St., New 

Shell Progress York, N. Y. 

Silicate P’s & Q’s—Philadelphia Quartz Company, 121 S. Third 
St., Philadelphia, Pennsylvania 

Squibb Memoranda—E. R. Squibb & Sons, 745 Fifth Ave., New 
York, N. Y. 

Steel Horizons—Allegheny Ludlum Steel Corporation, Bracken- 
ridge, Pennsylvania 

Synthetic Organic Chemicals—Eastman Kodak Company, Roch- 
ester, New York 

Technical Bulletin—Acheson Colloids Corporation, Port Huron, 
Michigan 

Therapeutic Notes—Parke, Davis & Company, Detroit, Michigan 

Thiokol Facts—Thiokol Corporation, Trenton, New Jersey 

U. S. Steel News—U. S. Steel Corporation, 71 Broadway, New 
York, N. Y. 

(Crane) Valve World—836 S. Michigan Ave., Chicago, Illinois 

What’s New—Abbott Laboratories, North Chicago, Illinois 

Westinghouse Research—Westinghouse Research Laboratories, 
E. Pittsburgh, Pennsylvania 
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Recent Chemical Patents 


WILLIAM S. HILL 
Member, Examining Corps, United States Patent Office 


Method of Making Mirrors. No. 2,363,354. William 
Peacock, Philadelphia, Pennsylvania, assignor to 
Libbey-Owens-Ford. 

The method of forming silver mirrors by mixing the 
atomized vapors of silver and reducing solutions as they 
are applied to the glass base has had considerable com- 
mercial success. The inventor of this well-known proc- 
ess now adds the improvement of using a neutral reduc- 
ing solution in the form of glyoxal. 

A preferred formula of silvering solution is 3 oz. of 
silver nitrate and 2 to 2.5 oz. of ammonium hydroxide 
in a gallon of water. This is designated solution A. 
Solution B is the reducing solution prepared by dis- 
solving 2 oz. of glyoxal in a gallon of water. Equal 
quantities of solutions A and B are simultaneously 
atomized and sprayed upon the surface to be coated in 
a manner such that the separate sprays converge and 
mix very close to the surface being silvered. The usual 
reduction reaction occurs and a film of silver is depos- 
ited. It is preferred that the sprayed surface be in- 


clined at an angle so that any water which forms is 
washed down and removed by the force of the spray. 


Solvent Extraction. No. 2,363,298. Armand J. de 
Rosset, Chicago, Illinois, assignor to Universal 
Oil Products Company, Chicago, Illinois. 

It is often desirable to separate from a composite 
feed gaseous paraffins and gaseous olefins of the same 
number of carbon atoms, since there are a great many 
processes in which a gas predominantly olefinic or par- 
affinic in character is required. Fo¥ example, in the 
catalytic sulfuric acid alkylation process in which iso- 
butane is alkylated by butylenes to form octanes, it is 
desirable that the feed gas to the process possess a rela- 
tively high ratio of isobutane to olefin. 

The invention centers in the discovery that aliphatic 
amino alcohols exhibit a far greater solubility for the 
normally gasous olefins than for the normally gaseous 
paraffins. In general, the amino alcohols which are em- 
ployed in this process are characterized by having at 
least one amino group and at least one-hydroxyl group, 
each attached to the aliphatic structure. Examples are 
methanol amine (HO—CH,;—NH,), ethyl ethanol 
amine (CH;—CH,—NH—CH,;—CH;—OH), and many 
others which fall within this designation. 

; ' Copies of any of the patents, digests of which appear in this 
column, can be obtained by sending 10 cents in coin (no stamps) 
to The United States Patent Office, Washington, D. C., as can 
copies of almost all U. S. patents providing they are still in print. 
Books of coupons can also be purchased from the Patent Office 
for this purpose. They are very convenient if patents are 
ordered often. 

The patents selected for digesting and publishing i in this ¢éolumn 
are selected from the regular weekly issue of from five to six 


hundred and are chosen because they are thought to be of especial 
interest to educators. 
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One method of operation is to pass the gaseous hy- 
drocarbon mixture upward through an absorber coun- 
tercurrently to the solvent, the lean gas or raffinate be- 
ing withdrawn from the top of the absorber and the 
rich liquid or extract being drawn off at the bottom. 
Thereafter the extract may be heated and flashed or 
treated in any other suitable manner to separate the 
desired concentrated olefinic fraction from the solvent. 
The solvent may then be returned to the top of the ab- 
sorber to complete the cycle. 


Treatment of Plants. No. 2,363,325. Albert E. 
Hitchcock et al., Yonkers, New York, assignors to 
Boyce-Thompson Institute for Plant Research, Inc. 


Reference is made to a previous patent numbered 
2,341,867, a condensation of which appeared in this 
column, THIS JOURNAL, May, 1944, page 228. Their 
previous patent was related to the discovery that cer- 
tain plant hormones when applied to plant buds re- 
tarded their growth and prevented too early blossom- 
ing, with its attendant dangers of having most of the 
buds killed by late frosts. Some of the substances 
found most effective were naphthalene substitution 
products of acetic acid such as naphthalene acetic acid, 
naphthoxyacetic acid, and the alkali metal salts and 
lower alcohol esters thereof. 

The present patent deals with the effect of time of 
treatment on the growth-retarding effect. It has been 
found that when the buds are sprayed in early sum- 
mer smaller amounts of hormone are needed than 
when treatment is made in the autumn. The optimum 
time of treatment for most plants was found to be 
around August. 

The patent also describes how different branches of 
the same tree may be treated to stagger the bud de- 
velopment either for ornamental effect or for more prac- 
tical purposes such as in growing mapgoes and avoca- 
does. Treatment of a large number of different kinds 
of fruit trees is related to results of treatment of their 
buds with potassium alpha-naphthaleneacetate, using 
Aerosol OT as a spreader. 


Method of Beautifying and Protecting Surfaces of 
Aluminum and Aluminum Alloys. No. 2,363,339. 
George Kraft, Englewood, New Jersey, and Nathan 
L. Solomon, Mount Vernon, New York. 


Although oxygen does not deteriorate aluminum sur- 


.faces as it does ordinary iron and steel, still it forms an 


adherent oxide coating which tends to dull the surface. 
For this reason aluminum surfaces do not appear bright 
and lustrous like untarnished silver or stainless steel. 
This patent describes a simple method of providing 
aluminum with a pearly and iridescent finish which re- 
mains permanently bright and lustrous. 
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The process is electrolytic, the aluminum being made 
the anode and either carbon or copper the cathode. 
The electrolyte is a 5 to 40 per cent solution of hydro- 
fluosilicic acid (H2SiFs) in water. The aluminum is 
first cleaned, as by immersing in a bath of sodium hy- 
droxide (4 oz. of NaOH per gal. of water) held at 160°F. 
and followed by dipping in a 50 per cent solution of ni- 
tric acid. The work is then rinsed and ready for plat- 
ing. A potential of about 15 volts is used with a cur- 
rent density of 10 amps. persq.ft. Ifacopper cathode is 
used the area of the copper should be about three times 
the area of the work. The temperature of the electro- 
lyte is kept at about 65°F. and plating time is one to 
three minutes. 

The work may then be dried by being dipped in hot 
water and then in sawdust, although the article may 
also be air dried. The aluminum comes out of the 
plating tank with a lustrous pearly iridescent coating 
which needs no further polishing. To produce colored 
iridescent effects the plated aluminum may be dipped 
in an aniline dye. 


Rubberlike Interpolymers and Preparation of Same. 
No. 2,364,034. Oskar Huppert, Newark, New 
Jersey. 

The product whose preparation is described in this 
patent is designed for use as a thermoplastic molding 
material or bonding agent in laminated materials, and 
as an ingredient of lacquer emulsions, spirit varnishes, 
distempers, and textile auxiliaries. It is also intended 
as a starting material for wool-like protein fibers. 

The interpolymers here described are a rather un- 
usual type of synthetic rubber since they are made from 
a protein derivative. Pseudo-thiohydantoin zein is 
first obtained by reacting 1000 parts of zein, 25 parts of 
monochloroacetic acid, and 19 parts of ammonium sul- 
focyanide, all dissolved in phenol and heated on a 
water bath. Water is finally removed by heating in a 
vacuum, Hydroxybenzyl alcohols are then prepared 
by reacting phenol and formaldehyde and the zein de- 
rivative and the alcohols are then polymerized together 
to form the rubberlike substances. 


Reagent for Testing for Acetone. No. 2,362,478. 
Alexander Galat, New York City, assignor to the 
Denver Chemical Manufacturing Company. 


Although this patent provides a process which has 
general laboratory utility it has a specific use in the 
medical field. In recent years there has been a tend- 
ency to regard the presence of acetone bodies in the 
urine of a diabetic patient as even more significant 
than the presence of sugar. The formation of acetone 
in the body and its presence in the urine result from in- 
complete oxidation of the fatty acids. The oxidation of 
fatty acids requires a normal functioning of carbohy- 
drate metabolism, and when this is disturbed, fatty 
acids give rise to acetone bodies. The detection of ace- 
tone in the urine is therefore diagnostically important 
as it indicates a deficient carbohydrate metabolism and 
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provides a more certain test for diabetes than does test- 
ing for sugar in urine. 

Characterized by its simplicity the test makes use of 
a powder made up preferably in the following formula: 


Sodium carbonate (anhydrous granular)........ 49.5 per cent 
Ammonium sulfate (anhydrous granular)....... 49.5 per cent 
Sodium nitroprusside (anhydrous powder)...... 1.0 per cent 


To use the reagent in making a quantitative test for’ 


acetone, 0.2 g. of the powder is placed in a small mound 
on white paper. On this mound is deposited one drop of 
urine from a dropper which gives drops of 0.05 ml. each. 
A color change occurs which ranges from light green to 
dark purple-blue depending upon the amount of ace- 
tone present. Comparison is made with a color chart 
within one minute, since the color deepens upon stand- 
ing. 

The mechanism of the test reaction is thought to be 
as follows: When the drop of urine moistens the re- 
agent, the sodium carbonate and ammonium sulfate 
react to produce ammonium carbonate, which in turn 
hydrolyzes to produce ammonia and carbon dioxide. 
In the presence of ammonia, acetone reacts with sodium 
nitroprusside, producing a colored compound of as yet 
(according to the patentee) unknown composition. 


Method for Chemical Demineralization of Sea Water. 
No. 2,363,020. Clair R. Spealman, United States 
Navy. 

Since the beginning of the present war the lives of 
thousands of shipwrecked sailors and airmen could 
have been saved if they had had a means at hand for 
converting sea water into palatable drinking water. 
The present patented process may not be the final an- 
swer to the problem but it offers interesting possibilities. 

As an example of the process, to about 1 liter of sea 
water are added $5.6 g. of silver oxide. This precipi- 
tates chloride ion as silver chloride and also removes 
magnesium and calcium ions as insoluble oxides, hy- 
droxides, and carbonates. The high-school chemistry 
student will note these simple reactions with which he is 
familiar. 

Ag,O + 2NaCl + H20 — 2AgCl + 2NaOH 
H,0 + MgCl, + Ag2O — Mg(OH)e + 2AgCl 
AgeCO; + MgCl. —> 2AgCl -+- MgCO; 


CaCl, + AgeO - CaO + 2AgCl 
CaCl, + AgeCO; a CaCO; + 2AgCl 


A suitable stoppered container is provided. The con- 
tainer with the liter of water and the silver oxide is 
shaken frequently for about 30 minutes and then fil- 
tered into a suitable second container. This yields 
about 930 ml. of water to which is added 63.9 g. of uric 
acid. The second container must be shaken at intervals 
for about one hour. This prévipitates the troublesome 
sodium ion as insoluble sodium urate. 

The quantity of chemicals illustrated yields about 
750 ml. of palatable drinking water which means a 
quantity of water equal to 10 times the volume of the 
chemicals that must be carried. Theoaerally the vol- 
ume should be 17 to 1. 
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Lecture Demonstrations with a Shadow Screen 
The Vapor Pressure of a Crystal Hydrate 


E. K. BACON 
Union College, Schenectady, New York 


ECTURE demonstrations are frequently ineffective 
because the demonstration is not clearly visible to 
the audience. The poor visual character of a lecture 
table experiment is illustrated by the well-known dem- 
onstration of the vapor pressure of a liquid. Here a 
liquid of high vapor pressure introduced into an in- 
verted tube filled with mercury causes a drop in the 
height of the mercury column. Light reflections and 
the small size of the tube make the result visible only to 
those nearest the lecture table. 

An improvement in the effectiveness of this experi- 
ment resulted when only the shadow of the apparatus 
was exhibited in a darkened room. This was ac- 
complished by the construction of a plain wooden frame 
with inner dimensions of approximately 18 xX 24 
inches. Tracing paper was stretched tightly across the 
back of the frame and held in place by means of thumb 
tacks. A piece of ply wood tacked to the side served as 
a support. 

With this simple shadow screen the vapor pressure 
demonstration may be carried out as follows. The glass 
tube is filled with mercury and inverted over mercury 
in a beaker on a small stand. The tube is held by an 
apparatus clamp and support. The screen is placed in 
front of the tube so that direct contact is made with 
paper. A 100-watt lamp placed at an appropriate dis- 
tance back of the screen gives a clear shadow when 





FIGURE 1.—VAPOR PRESSURE OF ETHER IN THE SHADOW SCREEN 
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viewed from the front. With a darkened room the ef- 
fect is striking. Introduction of a liquid of high vapor 
pressure such as ether is accomplished by means of a 
bent medicine dropper. Figure 1 shows a photograph 
of the demonstration taken at a distance of about four 
feet. The clarity is as satisfactory when viewed from 
the rear of a large lecture room. It is interesting to note 
the ready visibility of the liquid resting on top of the 
mercury column. 

Another experiment that works equally well with the 
shadow screen is the demonstration of the vapor pres- 
sure of a solid in the form of a crystal hydrate. A dry 
1.5-liter flask is fitted with a two-hole rubber stopper. 
A short piece of 6-mm. glass tubing is inserted into one 
hole and to this is fastened a piece of rubber tubing 
with a screw clamp. Into the other hole is inserted 
another piece of 6-mm. tubing bent suitably in the form 
of a manometer. Kerosene colored with an oil-soluble 
dye may be used as the manometer liquid. With 
the screw clamp open crystals of Na,CO;-10H:0 or 
NazSO,: 10H20 are introduced into the flask, the stopper 
inserted firmly, and the screw clamp closed. Within 
the period of several minutes the liquid rises slowly and 
reaches a steady state. The difference in height of the 
liquid in the arms of the manometer is of the order of 30 
mim. 

When viewed in the shadow screen the result is very 


FiGuRE 2.—VAPOR PRESSURE OF A CRYSTAL HYDRATE IN TEE 
SHADOW SCREEN 


‘ 
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effective. The refraction of light by the oil gives a 
brilliantly illuminated colored column that is clearly 
visible at a considerable distance. The photograph of 
Figure 2 gives an accurate view of the clearness with 
which the experiment may be observed. Details of the 
construction of the apparatus can be noted. The bend 
in the tube above the column of liquid is at an angle 
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perpendicular to the plane of the screen and the U of 
the manometer. Only the U of the manometer touches 
the screen. 

No doubt many other lecture demonstrations may be 
shown by the shadow screen with good results. The 
writer would be interested to hear from others who may 
wish to experiment with it. 


LETTERS 


On Unimolecular and First Order Reactions 


To the Editor: 

The article on unimolecular reactions in the Septem- 
ber issue of THIS JOURNAL was written because the 
author had experienced some difficulties during the 
course of teaching this subject. It was written with 
the hope that it would provoke an exchange of opinions. 
The author, therefore, welcomes the criticism by W. F. 
Luder which appeared in the November issue of THIS 
JOURNAL. 

The author thinks there is no ambiguity in his defini- 
tion of unimolecular reactions and therefore the reaction 


2N20; —- 2N20, -f Oz 


as written by Luder, cannot be recognized as unimolecu- 
lar because it involves two molecules. But, if it is writ- 
ten as Glasstone! does on p. 1028, 7. e., 


N20; — N2O, + 1/s Oz 


it is a unimolecular reaction. The ambiguity may be 
due only to the fact that we do not know the actual 
mechanism of this reaction. 

The second point raised by Luder is that the author 
does not make any distinction between the order and 
molecularity of a reaction. 

The subject was considered only from the point of 
view of molecularity, 7. e., ‘‘the number of atoms or 
molecules taking part in each act leading to chemical 
reaction,” as it is defined by Glasstone (p. 1024). 


1 “Textbook of Physical Chemistry,’’ D. Van Nostrand Com- 
pany, New York, 1940. 


Editor's Note: 


There is no clash between this definition and the one 
used by the author. 

The order of the reaction depends upon the number 
of atoms or molecules whose concentrations determine 
the velocity or kinetics of the process (Glasstone’s defi- 
nition). A first order reaction, as Luder states, is 
therefore one in which the rate depends upon only one 
concentration. 

Here there is a clash with the view expressed by the 
author in the article. The definition as above is satis- 
factory for the second and higher orders, but does not 
apply to the first order if the reaction runs according 
to the pattern of a radioactive change where concen- 
tration does not come into question at all. 

In his mind the author identifies the first order 
reactions with the exponential law. Such reaction may 
be unimolecular or otherwise. A unimolecular reaction 
should always follow the exponential law, but there are 
cases known in which other than unimolecular reactions 
also follow the same law. In this case it is natural to 
think of them as first order reactions. Thus unimolecu- 
lar and first order reactions are not necessarily the 
same thing. One can therefore say that the first order 
reaction is one in which the rate depends upon only one 
substance, irrespective of concentration. 

The definition of the first order as used by Luder 
must be modified. His definition of unimolecular reac- 
tions is the same, except in wording, as that given by the 
author. 

GEORGE ANTONOFF 


FORDHAM UNIVERSITY 
New York City 


We recently received from Dr. F. Fromm the following addition 


to his letter in the January issue, describing the construction of stereochemical models 


of carbon atoms: 


The proper valence angle is easily obtained, if the bi- 
secting lines are drawn on each face of the tetrahedron 
and the three flaps of the paper tubing representing the 


valence are pasted to these lines. A paper tubing of a 
somewhat larger diameter is used for connecting the - 
models. 





A Practical Course in Plastics 


JOSEPH O. FRANK, State Teachers College, Oshkosh, Wisconsin and JOHN O. FRANK, Oshkosh 
Industrial Laboratory, Oshkosh, Wisconsin 


The authors, on being called upon to teach classes in plastics, were unable to 


Jind satisfactory published accounts of courses in the subject. 


Considering the 


growing importance of plastics and the dearth of published descriptions of courses 
in the subject, the authors hope to be helpful in offering this account of the courses they 
developed and the methods and materials they used with the classes they conducted. 


HIS course was given in seven Wisconsin cities,! 
to a total of about 350 students during the winter 
of 1943-44. It was a part of the ESMWT Program of 
the U. S. Bureau of Education and given under the aus- 
pices and direction of the Extension Division of the 
University of Wisconsin. The main objective of the 


course was the production of increased efficiency of . 


workers in factories producing war materials of plastics 
or plastic parts. A secondary objective, voiced by 
many of the students, was preparation for postwar 
work in the plastic industries, since many believe a 
vast expansion in this field is inevitable after the war. 

Students matriculating for the course had to be able 
to meet ESMWT requirements. All had to be working 
in plastics or expecting to work in plastics when quali- 
fied to do so. All were adults. Many were older than 
the usual college students. Some were middle aged. 
Persons having had at least one year of high-school 
chemistry or its equivalent and not enrolled in any 
other school were eligible, if they expected to work in 
the plastic field. 

The courses were given in classrooms provided by 
the various city vocational and adult schools. Thirty- 
six clock hours of instruction (usually one evening 
meeting per week for 12 weeks) was concluded by a 
three-hour written examination covering the entire 
course. 

A brief outline of the course follows. 


OUTLINE OF COURSE 
‘Plastics for Industrial Use’’ 


I 
Plastics, their development and present place in industry. The 
several varieties of plastics. Source materials. Methods of fab- 
rication of the most important plastic materials. Terms and 
definitions used in the plastic industries. 

II 
Basic chemistry needed in the study of plastics. Elementary 
treatment of the most important laws and theories. Definitions 
of terms used in chemistry. Demonstrations of typical reactions, 
especially synthesis of resins. A review on the college level. 


A study of each of the more important families of plastics. Source 

materials, methods of preparation, properties, peculiarities, uses, 

and limitations of the various plastic materials. Special instruc- 

tions for fabrication and use, and the economic evaluation,of each 
_important member of each family of plastics. 


1 Baraboo, Fond Du Lac, Janesville, Madison, Manitowoc, 
Oshkosh, and Sheboygan. 


IV 
The phenolics; the amine resins; Cellulose (regenerated), cellu- 
lose esters, and cellulose ethers; vinyl acetate, vinyl chloride, 
vinyl alcohol, vinyl-aldehyde compounds, and vinyl copolymers; 
vinylidene chloride resins; styrene; cold molded products; 
casein and casein-like resins; the nylons; rubber-like synthetic 
compounds and mixtures; other important plastics. 


Plastic substances used as adhesives; plastic substances in the 
coatings industry; plastic structural materials; films, filaments, 
fibers, and fabrics of plastics; impregnants and high- and low- 
pressure laminated products. 
VI 

The design of molds and molded plastic objects; types of molds 
and molding machines; terms and definitions used in molding; 
advantages and disadvantages of various types of molding; the 
relation of the plastic material used and the molding method; 
sources of steel for molds; cost accounting in plastics manufac- 
ture. 


‘ 


VII 
Methods of finishing, decorating, and fabricating molded, cast, 
and extruded plastics. Metals, paints, dyes, and lacquers used 
in the decoration of plastic objects. Methods of identification 
of plastic materials. Methods and instruments used in testing 
plastics and plastic materials. 


VIII 
The trend of change in the plastic industry; kinds of skills re- 
quired and the training needed for various activities in the plas- 
tics field; sources of information needed by those preparing to 
become molders, finishers, fabricators, decorators, salesmen, ex- 
ecutives, etc., in the plastics field. 


METHOD OF CONDUCTING THE COURSE 


The course was conducted by means of lectures by 
the instructor, talks by class members who were mold- 
ing or fabricating plastics, textbook study, the showing 
of moving pictures, the showing and discussion of exhib- 
its, demonstrations, laboratory work, and conferences 
with individuals and groups. 

Lectures. Each family of plastics was introduced by 
means of a lecture by the instructor covering the main 
aspects of production, properties, methods of fabrica- 
tion, and uses. After a week of textbook study by the 
students the subject was treated again in class. The 
students were expected to come with written questions 
covering points not understood or about which fur- 
ther information was desired. At each class meeting 
the exhibits were shown, the literature from production 
firms shown and discussed, and all the work made as 
objective as possible. Clippings from popular and pro- 
fessional magazines were collected and shown by mem- 
bers of the class. Many of the most useful items used 
as exhibits were collected by members of the class. 





Molds, molding presses, and various instruments used 
in testing plastics or intermediate or raw materials 
were shown and demonstrated. Various books, maga- 
zines, pamphlets, pictures, catalogs, etc., were exhi- 
bited and discussed in class. Many of these were pur- 
chased by the city libraries or school libraries and made 
available for permanent use by the members of the 
class. A list of the most useful books and periodicals is 
appended. 

Exhibits. The exhibits consisted of samples of the 
raw materials from which the various plastics are made, 
intermediate products of manufacture, the finished 
resins, and articles of every possible type which are 
made from the resins. It also included examples of 
faulty manufacture. These items were shown to il- 
lustrate errors—as a point of departure for a discussion 
of causes and possible remedies. The exhibits made 
up the most important part of the illustrative materials 
used. About 7000 items were used in all. Most of 
these were obtained through the courtesy of the local 
manufacturers and from the large manufacturers of 
plastic resins throughout the nation. Many items were 
purchased, when they could not be obtained as gifts. 
Articles made of plastics were mounted on cards or 
panels about 14 by 20 inches in size, several cards 
usually being needed to display the most important 
types of articles made from one plastic material. Each 
item had a neatly typed or printed identifying account 
mounted with it. In illustrating laminated products 
and also the seven main types of synthetic rubber- 
like materials, several cards 30 by 40 inches in size were 
used. About 50 illustrative panels of mounted exhibits 
were required for a complete coverage of the course. 
Exhibits showing the various rayons, and the fabrics 
made from them or which they imitated, required spe- 
cial treatment. The fibers and fabrics were shown to- 
gether with cards showing name, properties, special 
method of manufacture, and the fabric imitated. Many 
of these mounted display cards were ablaze with bright 
colors. 

Textbook Study. All students were required to buy 
the textbook adopted for the course. (DuBois. De- 
scribed under references below.) Study exercises were 
developed for each chapter or subject treated. The 
study exercises were used as guides for textbook study 
by the students. The students were expected to bring 
difficult questions to class. These questions were dis- 
cussed in class and the discussion was used as a point of 
departure for the lecture at each class period. 

Moving Pictures. Several excellent films are avail- 
able for use in a course in Plastics. ‘‘The Fourth King- 
dom,” “Wonder World of Chemistry,” and ‘‘Freedom 
Rides on Rubber” are typical of the 18-mm. black and 
white films, while ‘The Formica Story,” “The Shape 
of Things to Come,” and ‘The Magic of Modern Plas- 
tics’ represent the most modern and best-made films 
in technicolor. All are with sound and may be obtained 
from any good film agency. Many can be obtained for 
the cost of transportation from the plastic manufac- 
turers who produced the films. 
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Laboratory Work. Laboratory work was limited to 
one two-hour period devoted to methods used in the 
identification of the various plastic materials, and to 
short periods of group participation in experiments 
showing the production of resins by condensation and 
polymerization. Several experiments in the testing of 
plastics to determine physical, chemical, and electrical 
properties were carried out by individual students. 
More laboratory work in actual molding, fabricating, 
decorating, and working plastics would be desirable. 

Reference Materials. A plentiful supply of good ref- 
erence books and magazines is a necessity. Many 
books with names indicating a content dealing with 
plastics are merely popular accounts of new applica- 
tions in the plastics field. Only a few of these are of 
value to students. In the list which follows, the most 
useful books, magazines, catalogs, etc., have been 
given. The brief comment with each indicates the au- 
thors’ opinion of the item with reference to its use in 
this particular course and need not be taken as a com- 
plete description or an authoritative evaluation. It has 
not been possible to list the many hundred most useful 
pieces of literature issued by the various manufacturers 
of plastic resins, but these will be found extremely help- 


ful. 
REFERENCES MOST USED 


“‘A.S.T.M. Standards on Plastics,’’ American Society for Test- 
ing Materials, Philadelphia. Oct., 1943. 431 pp. $2.00. 

Specifications, methods of testing, nomenclature, definitions. 

‘‘Molding Technic for Bakelite and Vinylite Plastics,’’ Bakelite 
Corporation, New York City, 1941. 224 pp. $1.50. 

Treats all aspects of molding. Also 30 pages of useful tables 
and data sheets. 

“The Fanwood Manual,” Craftsman Supply House, Scottsville, 
New York. 2nd Ed., 1940. Paper cover. 52 pp. 25 cents. 

Instructions for working cast phenolics. Also catalog of 
tools, materials, and accessories. A useful booklet. 

‘Ready Reference for Plastics,” Boonton Molding Company, 
Boonton, New Jersey, 1943. Papercover. 66 pp. 50 cents. 

Excellent account of the problems of molding, the properties 
of the various plastics, and methods of fabrication. Several 
pages of useful tables. Some errors. 

“‘Gerreral Plastics,’”” RAYMOND CHERRY. McKnight & McKnight, 
Bloomington, Illinois, 1941. Paper cover.. 128 pp. $1.00. 

A practical manual. Directions, specifications, etc., for 
working out many plastic projects. 

“Plastics in Engineering,’’ J. DELMONTE. Penton Publishing 
Company, Cleveland, Ohio. 2nd Ed., 1943. 600 pp. Cloth 
binding. $5.00. 

A good general reference, especially for the physical aspects 
of plastics and plastics production. 

“Laboratory Manual of Plastics and Synthetic Resins,” G. F. 
D’ALELIO. John Wiley and Sons, Inc., New York, 1943. 
134 pp. $2.00. ; 

88 experiments in the preparation of plastics and synthetic 
resins. 26 tests and determinations. An excellent advanced 
laboratory manual. Special booklet of aids for teachers 

“Plastics,” J.G. DuBois. American Technical Society, Chicago, 
1943. Clothbinding. 435pp. $3.75. : 

Well organized and illustrated. Up to date. Best all-pur- 
pose textbook for beginning classes. This was the textbook 
used in the course described above. 

“Scientific Methods of Varnish Manufacture,’ RALPH H. Hurr. 
American Paint Journal Co. 1940. 3713 Washington Ave., 
St. Louis, Mo. Cloth binding. 159 pp. $2.00. : 

A very useful reference. Clarifies the chemistry of drying 
oils and many other aspects of coating problems. 





FEBRUARY, 1945 


“Chemistry of Synthetic Surface Coatings,’? WILLIAM KRUMB- 
HAAR. Reinhold Publishing Corp., New York, 1937. Cloth 
binding. 200 pp. $2.50. 

Much basic information on resin manufacture, resin proper- 
ties, and manufacture of varnishes and lacquers. 

“Industrial Chemistry of Colloidal and Amorphous Materials.” 
LEWIS, SQUIRES, AND BROUGHTON. The Macmillan Company, 
New York, 1943. Clothbinding. 540 pp. $5.00. 

Advanced and theoretical. Much up-to-date information. 
A book for the chemist or advanced student of chemistry. 

“Plastics in School and Home Workshop,” A. J. Locxrgy. 
D. Van Nostrand Company, Inc., New York, 1940. Cloth 
binding. 229pp. $2.50. 

Excellent instructions for workshop manipulations. Gives 
account of tools, operations, and projects for work with plas- 
tics. 

“Plastics—Problems and Processes,’”? MANSPERGER AND PEPPER. 
International Textbook Company, Scranton, Pennsylvania, 
1943. Cloth binding. 350 pp. $2.50. 

Excellent instructions for the beginner in plastics. De- 
scribes tools, materials, projects, etc. Many tables. 

“Plastics Catalog,” Published yearly by the Plastics Catalog 
Corporation, New York City. 1944 Edition. Cloth binding. 
989 pp. $5.00. 
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Always an up-to-date encyclopedia covering all phases of the 
subject. The most complete single reference. 

“‘Synthetic Resins and Rubbers,” P.O. Powers. John Wiley 
and Sons, Inc., New York, 1943. Cloth binding. 296 pp. 
$3.00. 

Especially good in presentation of chemical aspects. 

‘‘Handbook of Plastics,’’ SIMONDS AND Etuis. D. Van Nostrand 
Company, Inc., New York, 1943. Cloth binding. 1083 pp. 
$10. 

Best general reference. Practically all aspects of plastics. 

“Plastics for Industrial Use,’’ Joun Sasso. McGraw-Hill Book 
Company, Inc., New York, 1942. Cloth binding. 229 pp. 
$2.56. 

Authoritative treatment of all important plastic materials, 
Especially good in its treatment of aspects of molding. 

Modern Plastics. Published monthly by Modern Plastics, Inc., 
New York City. $5.00 per year. 

Excellent up-to-date treatment. Deals with all phases of 
the plastics field. Many illustrations in color. As necessary as 
a textbook. 

Plastics World. Published monthly by Cleworth Publishing Com- 
pany, Inc., New York City. $3.00 per year. 

Specializes in new equipment, materials, and applications. 
Special columns. Up-to-the-minute market news. The plas- 
tics forum of questions and answers. Very useful. 


RECENT BOOKS 


THE ScIENCE oF Expuosives. Martin Meyer, Professor of 
Chemistry, Brooklyn College, New York. Thomas Y. Crowell 
Company, New York, 1943. xi + 452 pp. 74 figs. 48 tables. 
14 X 21.5 cm. $4.50. 

The author, in his preface to the book, proposes not to make 
this book ‘‘a textbook of synthetic organic chemistry or a treat- 
ment of special topics in organic chemistry,’’ reminding us that 
“this latter information is readily accessible in other books, where- 
as that set forth here is not.’? This reviewer is hard put to 
understand why the author felt justified in devoting more than 
10 per cent of his text to the manufacture, etc., of sulfuric and 
nitric acids. Why, too, is one told how to use a balance and cal- 
ibrate a set of weights? Other directions in laboratory proced- 
ures which pertain directly to examining explosives should prove 
extremely useful. More of these could have been inserted at 
great benefit if chosen as well as those which appear. 

Some topics are barely touched upon. Most outstanding in 
this respect are the combined topics ‘Black Powder, Pyro- 
technics, and Incendiaries,”’ all of which are crowded into 16 
pages. 

With the above exceptions, the text is well written. The 
author has succeeded in bringing together, ‘in relatively simple 
and readable style,’’ much that is known about explosives. 
The questions at the end of each chapter should prove useful to 
both the teacher and the beginning student of explosives. 

A. T, BURTSELL 


CoLLEGE oF THE City or NEw YorkK 
New York City 


PRINCIPLES OF POWDER METALLURGY. Franz Skaupy. Trans- 
lated by Marion Lee Taylor. Philosophical Library, Inc., 
New York, 1944. v+80pp. 15.5 X 23cm. $3.00. 

The term “metal ceramics”’ is applied to the process of chang- 
ing metal powder into compact metal bodies by cakihg or co- 
hesion. Since the author believes that in the future more and 
more metal objects will be made by this process thar by the older 


one of melting and molding, he has written a book on “Prin- 
ciples of Powder Metallurgy.” 

The advantages of metal ceramics, according to the author, are 
the following: hardness is greater; size of grain can be controlled; 
high casting temperatures are not needed, therefore different 
molds can be produced; reaction of the metal with the material 
in the bed of the crucible is eliminated; porous parts can be 
easily produced with properties such as specific weight and electric 
conductivity. 


Basic MATHEMATICS FOR WAR AND INpustRY. Paul H. Daus, 
Professor of Mathematics, University of California; John M. 
Gleason, Assistant Professor of Mathematics, San Diego State 
College; and William M. Whyburn, Professor of Mathematics 
and Educational Supervisor, ESMWT, University of Cali- 
fornia. The Macmillan Company, New York, 1944. xi + 
277 pp. 277 figs. 14 X 22cm. $2.00. 


Would-be or rusty mathematicians shotild find ‘“‘Basic Mathe- 
matics” useful, the former for self-instruction, the latter for re- 
instruction. 

Elementary principles of arithmetic, algebra, geometry, plane 
trigonometry, solid geometry, and spherical trigonometry are set 
down and coordinated. Practical problems—answers to which 
are found elsewhere in the book—follow each explanatory sec- 
tion. Tables of logarithms and a protractor are also provided. 


QUANTITATIVE ANALYSIS REcorD Boox. M. G. Mellon, Pro- 
fessor of Analytical Chemistry, Purdue University. Thomas 
Y. Crowell Company, New York, 1944. 30 pp. of text. 11.5 
X 20.5cem. $.75. 

Mellon’s ‘“‘Quantitative Analysis Record Book’ consists of 
ruled blank pages permanently bound. It contains an in- 
troduction which explains how to prepare reports and indirectly 
suggests to instructors a method for inspection and grading. 
Additional useful information included are a calibration curve, a 
table of atomiic weights, sample records, a graphic logarithm 
table with directions for its use, and a numerical logarithm table. 
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Another matter that will need to be thrashed out on 
some campuses in the postwar days is whether or not 
one shall now emphasize physics more, and deémpha- 
size chemistry (8), it being recalled that the present 
war has been labeled a “‘war of physics.”” This is some- 
thing over which we need not become unduly alarmed. 
It is a question of achieving proper balance, and an 
equilibrium will be struck as determined by the law of 
supply and demand. Chemists still outnumber physi- 
cists about ten to one, but the distinction between the 
two is getting harder to draw year by year, and, from 
the rate at which the two brartiches of science are merg- 


ing, one would judge that the question of which to em- 
phasize more will have little meaning in another decade 
or two. 


LONG-RANGE PROBLEMS 


Students. Teachers are concerned over the probable 
trend of student enrollment in the years tocome. That 
is because we like to know what call will be made upon 
us physically, we like to prepare ourselves psychologi- 
cally for changes, and, lastly, students are the well- 
spring of the educational process; without them we 
must plan to retire or enter another profession. The 
consensus of opinion on this score seems to be that we 
shall see an upsurge in enrollments beginning immedi- 
ately after the war, and reaching a peak value after 
perhaps five. years. For the average ‘institution this 
maximum is likely to approximate twice the attend- 
ance in 1940. The great bulk of this increase will stem 
from the present civilian population, for the veterans 
will play a minor role, even directly after the close of 
hostilities. After the maximum has been passed, regis- 
trations will fall off; to what extent, no one knows, but 
astute administrators will prepare a backlog for this 
period, and prudent teachers will avoid the dilemma of 
overstaffing. 

There is a capricious variable involved in the above 
estimates which is likely to make it appear—if we look 
back some five years from now—as if the predictions 
were far from the realities. It is the factor of veteran 
enrollments. If the number of these, during the first 
year, were to total 10 per cent of all who have received 


training by the military, and if their distribution were 
uniform, each accredited college and university might 
expect one or two hundred such students. The bulk of 
this enrollment will, however, fall to the better-known 
institutions, since the student, under government sub- 
sidy, will do the selecting. As a consequence, some 
colleges will be jammed to capacity while others stand 
by with unused facilities. 

As was mentioned earlier, problems of placement and 
of guidance, for teachers and students alike, during 
these years can be met most efficiently through the use 
of comprehensive examinations for which national 
norms are available. The Committee on Examinations 
and Tests of the Division of Chemical Education in the 
American Chemical Society has repeatedly advocated 
the use of such “‘national’’ tests, particularly in the 
larger colleges and universities, which seem to have 
shown some aloofness toward them. The latter feeling, 
if it exists, may well have been caused by the desire to 
remain free and untrammeled in the matter of what to 
teach and how to teach it. This is a highly commend- 
able attitude and should continue to prevail even if the 
so-called ‘‘national’’ examinations are used, for these 
are on a ‘‘take-it-or-leave-it’”’ basis, they are made up 
by a large committee to insure sufficient diversity, 
and they contain hundreds of questions touching on all 
fields. 

One of the minor problems confronting teachers of 
the sciences at the first-year level in college may be 
solved through the use of placement examinations. 
Through the aptitude and achievement exhibited on 
such tests it should be possible to divide students into 
two or more groups, each to receive instruction which 
dovetails with the level of attainment and also, if pos- 
sible, with ‘the particular motives for attending college 
(9). 

Teachers. The selection of permanent members of 
the teaching staff is, as was pointed out earlier, a matter 
in which all teachers are concerned because they are all, 
directly or indirectly, affected by each appointment. 
All of us have at least heard of the presence in our pro- 
fession of shysters and charlatans who should never 
have been elevated to the station of teacher. If we 
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feel strongly enough about the damage they have done 
in the past, then we will use the opportunities, provided 
by reorganizations in staffs during the next few years, 
to make certain that our associates of the future have 
qualifications commensurate with the titles they will 
bear. 

The attributes a good teacher should possess have 
been discussed at length in many places (10, 11, 12) and 
only the briefest reference to some of them will be made 
here. It seems generally conceded that a good teacher 
is a well-compounded mixture of sound character, at- 
tractive personality, expertness in his subject, and 
skill in the art of teaching. These are traits which all 
of us can recognize if given the opportunity to observe, 
and it was for that reason that a period of apprentice- 
ship for teachers was proposed above. 

Of all the changes in higher education in America re- 
sulting from the war, the one that can have the most 
far-reaching consequences is the reorganization of 
teaching personnel. We can put live red cells into the 
arteries of the campus and the classroom, or we can 
attach lazy leaches. 

Curriculum. In the decades that lie immediately 
ahead, changes will no doubt be made in the science 
curricula of high schools and colleges, but it seems 
they are destined to be evolutionary rather than revo- 
lutionary in character. The content and methods of 
science teaching have kept pace with the times, and, 
as a result, no major alterations are necessary. Grad- 
ual ones will be effected through new developments in 
the sciences and in methods of teaching, by change in 
emphasis in the textbooks, and through standardized 
examinations. Of these factors, the latter would appear 
to exert the strongest ‘outside’ influence upon the 
curriculum, but as was mentioned earlier, experience 
has shown that this is a pressure which is hardly no- 
ticeable and seems to be entirely compatible with the 
American tradition of freedom to teach without taking 
dictation. 

While on the subject of undue influence that may be 
exercised upon curricula by national organizations of 
one type or another, it may be well to point out that 
such unwarranted interference is not beyond the realm 
of possibility. Teachers of science should follow closely, 
and act if necessary, upon bills introduced into Congress 
which would, as laws, result in the distribution of the 
public largesse to institutions of higher learning. Un- 
less such subsidizing is done through the states, on a 
per capita basis, and with unusual checks and balances, 
abuses can easily arise which may eventually lead to 
dictation, inefficiency, and complacency (13). It may 
be sentioned in passing that the federal government 
has largely taken over the field of civil engineering, is 
now invading industrial fields, and is making efforts to 
regulate and regiment research and invention. 

One other matter is deserving of attention in this 
connection. Perhaps it can be mentioned without 
prejudice to the next speaker whose subject is: (‘Plans 
for a National Science Teachers’ Association.”” Advo- 
cates of this plan, which has been called a ‘‘united sci- 
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ence front,’’ favor the coalition of the associations of 
science teachers. Some of the “‘leaders’’ of these asso- 
ciations say (14) that: ‘‘Once goals are validated, rec- 
ommendations of time allotment, necessary material 
facilities, and sound teaching procedures should be pre- 
pared by the cooperating organizations.’’ These facts 
are mentioned to you here so that you may use both 
eyes before you use both feet. Numerous advantages, 
it is said, will accrue through nationalization of all sci- 
ence teachers but it is likely that these could all be 
achieved without runt.ing the risk of building up a ma- 
chine which may be so complicated as to fall of its own 
weight or become easy prey for bureaucrats. Even as 
a purely wartime measure, it is doubtful whether a fed- 
eration of science teachers’ organizations is necessary. 
In emergencies, the “leaders” of the several associations 
can meet, as they have, in Washington, or elsewhere, and 
formulate plans for cooperative service to the nation. 

Under the heading of science curricula for the future, 
there is a final_problem which goes to the very roots of 
our educational philosophy. To what extent shall sci- 
ence teaching be used as a direct civilizing and socializ- 
ing force? How far shall we go in emphasizing that 
honest observation, valid reasoning, and impartial ap- 
plication of conclusions (7. e., the scientific method) 
seem to be the only highroads to peaceful, progressive 
living on this earth? All science teaching has at least 
some influence in the direction of inculcating the scien- 
tific method, and emulation of the teacher by the stu- 
dent is often an added factor of considerable weight. 
Yet it is probably true that if the scientific attitude is 
to function in everyday life, there must be more specific 
provision made in our teaching for generalizing this 
attitude. The ways in which this may be accomplished 
have been discussed elsewhere (15) and it remains only 
for us to decide individually, or collectively, to what ex- 
tent it shall be done. As individuals our opinions as to 
how far we should go in preaching scientific doctrine 
will be colored by the extent to which ‘‘our own house 
is in order.”” Collectively, organizations, like the New 
England Association of Chemistry Teachers, may wish 
to suggest and foster ways and means of accomplishing 
the same end. One thing seems certain, and that is, we 
have hardly scratched the surface,in this direction. 
This is not an age of science in the sense of a general 
understanding of the scientific method and the integrity 
of scientific achievements. Many, many years will 
elapse before lying, deception, false propaganda, super- 
stitions, and false social traditions have yielded their 
ground to the methods of science, but that is no reason 
why we should not begin the direct attack. Here is the 
strongest incentive for having a so-called ‘united 
front,” but I doubt that even it requires the complex 
machinery that would be involved in a fusion of all sci- 
ence teachers’ associations. 
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Notes 


The 228th meeting of the N.E.A.C.T. was held at 
Brookline High School, Brookline, Massachusetts, on 
December 9, 1944, as a joint meeting with the Eastern 
Association of Physics Teachers and the New England 
Biological Association. Ernest R. Caverly, Superin- 
- tendent of Schools, Brookline, extended greetings to 
the members of the three groups, and the following pro- 
gram ensued: ‘‘Recent developments in physics,” 
Royal M. Frye, Boston University; ‘‘The physical- 
chemical characteristics of some of the proteins of hu- 
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man plasma,’ L. E. Strong, Harvard Medical School: 
“Dehydration of foods in relation to feeding the fight- 
ing forces,’ S. C. Prescott, Food and Nutrition Board 
of the National Research Council. After the businesss 
meeting in the afternoon, Norris W. Rakestraw dis- 
cussed the problems of editing a journal for chemistry 
teachers and Janet Sanford, A. D. Little Co., Cam- 
bridge, spoke on the subject, ‘‘Some industrial research 
problems of today.” ’ 


SEVENTH SUMMER CONFERENCE 

The Seventh Summer Conference will be held at 
Massachusetts State College, Amherst, Massachusetts, 
in August, 1945. John R. Suydam, Chairman, has as 
members of his committee: Constance Bartholomew, 
Clifford K. Bosworth, Richard Fessenden, Bernard J. 
Fiekers, S.J., Dorothy Gifford, Donald Gregg, Carroll 
B. Gustafson, William S. Huber, Vernon Krieble, 
Lorne Lea, William Luder, Eldin V. Lynn, Lucy Pick- 
ett, Walter S. Ritchie, in charge of local arrangements, 
and Theodore C. Sargent. 


CHEMICAL EDUCATION 

Amasa F. Williston, Fall River, Massachusetts, has 
been appointed Chairman of the Chemical Education 
Committee of the N.E.A.C.T. The other members are 
Dorothy Abel, Andrew J. O’Connell, Joseph H. Roh- 
loff, and William N. Stakely. One of the principal jobs 
of the committee is to study curriculum changes in the 
teaching of chemistry in secondary schools after the 
war. 


NEW MEMBERS 
Thyra Jane Foster, Coventry High School, Washington, Rhode 
Island 
Lawrence B. Friar, Research Assistant, Massachusetts Institute 
of Technology, Cambridge, Massachusetts 
H. Dayton Niehaus, Groton School, Groton, Connecticut 


SURVEY OF COURSES AND CONSTRUCTION OF TESTS IN BIOLOGICAL CHEMISTRY 
(Continued from page 84) 


The test is to be divided into two main parts; Part I 
is to contain 50 items on the fundamental topics (carbo- 
hydrates, lipids, proteins, and the more elementary 
aspects of the other topics) and Part II is to contain 50 
items on the advanced topics (digestion and absorption, 


intermediary metabolism, blood and urine, hormones). 

Any instructor of biochemistry who is interested in 
participating in the construction or the pre-testing of 
the examination is urged to communicate with the 
author. 


TABLE 2 
TOTAL AND AVERAGE DISTRIBUTION OF TIME FOR LECTURE AND RECITATION 
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* Of the 80 questionnaires returned from institutions having courses in biochemistry, 15 did not have the section on distribution of time filled in and three 
gave figures for two separate courses, making a total of 68 for the basis of the average course. 
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Editors Outlach 


NE of the most prominent characteristics of 

Americans is their insistence upon a reputation 

as ‘‘wise guys.” But every once in a while they are 

brought up with a jolt to realize that they can also be 

the world’s greatest ‘‘suckers.’’ So chalk up another 

one for the weak side, for we’ve done it again—we 
certainly have. 

What this has to do with is nothing new, but it pays 
now and then to review our sins and to ponder on them, 
in the hope that we may be brought to repentance be- 
fore they lead us straight to perdition. 

We have “‘sold out the country”’ in the future supply 
of its trained technical personnel and only the magni- 
tude of the error will prevent some future war-scandal- 
investigating committee from lifting a few personal 
scalps for permitting it. It is a funny thing, but al- 
though you can be court-martialed and sent to Leaven- 
worth for stealing a few cartons of cigarettes from an 
Army truck for the benefit of the black market, still 
you can make away with some thousands of young men 
who are vital to the present and future national defense 
of the country without even having your judgment 
questioned. 

If there are any who read this without already hav- 
ing been aware of the facts and their implications, let 
them be brought up to date. While we acknowledge 
that science and technology are responsible for our 
success in this war, will be our main hope of coming 
safely through the chaotic conditions which will follow, 
and will be the basis of our preparedness for future in- 
ternational conflicts (and don’t fool yourself that they 
won’t come, sometime!), nevertheless, we are making 
no provision for supplying new trained personnel in this 
vital field. Pardon me, that’s an understatement; we 
are not only making no provision, we are not even 
allowing any provision to be made! Now who wants to 
call that a forward-looking, sensible policy? 

This is the result of the edict that every young man 
(who can breathe and walk, practically) must be in- 
ducted into the Army, even if he is in training for one 
of the technical professions. Evidence as to what this 
has done can be had from any university or technical 
school; in the early stages of their training we have 
virtually no doctors, no engineers, no chemists, no 
physicists, no technicians of any kind. The Army, and 
particularly the Navy, have young men in training for 
service several years hence, but no one is allowed to 
speak up for the similar needs of science and technol- 
ogy. And it is not unlikely that the Services may 
sometime come running to the technical and industrial 
laboratories for solution of their problems—and wonder 
why those laboratories are understaffed. 

No one will refuse to admit that in wartime we must 
abandon our ordinary pursuits and concentrate oh the 
military job in hand, scrapping temporarily our individ- 
ual career plans. But preparation for science and 
technology is not a mere personal career plan; it is a 
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vital necessity to the whole country. It would seem 
that this fact is so elementary and evident that even 
those who sit in the councils of the mighty should see it. 
Why it is overlooked “only God and a few humans 
know.”’! 

This is one of those ‘‘boners’’ which only Americans 
could make. In fact it is one which only Americans 
are making. The Russians are too cagey and too con- 
scious of the future development of their vast country 
to be caught short in such a way; there is evidence 
that they have not seriously curtailed their program of 
technical education even in their great emergency. 
The British, including the Canadians, are too practical 
and far-seeing to risk their future international position. 
The Germans, as far as can be made out, are too aware 
of the value of science and technology in their plans for 
world domination to sacrifice their experts. 

Our own policy seems to arise from two propositions: 
first, that our need for young men in the Services is so 
great that we must not only scrape the bottom of the 
barrel but chop it to kindling and burn it up; and 
second, that everyone must be used exactly as everyone 
else is. The first of these is no doubt a matter for mili- 
tary experts to argue out, but one may be permitted to 
draw his own conclusions and at least to observe that 
only a few thousand young men are involved here and 
that these would scarcely be missed in the scraping of 
the barrel bottom. The second proposition is the 
reason why the whole application of the Selective 
Service Act has been distorted into the bare question: 
“Who goes first?’ We should never have permitted 
ourselves to feel that we were merely picking our boys 
by lot to lead before a firing squad. They are being 
chosen for service to the country, and many of us know 
how difficult it has been to keep some of them from 
rushing off before they really should: 

In a more general way, the fetish we make of the idea 
that “‘what’s good enough for John is good enough for 
George”’ merely reveals our political immaturity, at 
least when we come to apply it to our wartime policies. 
Our democracy is based upon equality of opportunity, 
and scarcely of anything else. People aren’t even 
taxed equally, but rather upon their ability to pay. 
Similarly, one’s national service is—or should be— 
based upon his ability to contribute, not upon his 
possession of two feet and two hands, like everyone else. 

We are becoming used to priorities of one kind and 
another. Somewhere along the line there should be 
some thinking about manpower and service priorities. 
All that we are arguing for is that service in science and 
technology—now, in the postwar industrial world, and 
as a vital concern in eternal preparedness and national 
defense—deserves an AA-1 priority. 

What has been the key to our success in this war? 
No single factor is of course solely responsible. With 
(Continued on page 151) 

1 Ind. Eng. Chem., 37, 2 (1945). 
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ANY a chemist has secured a widespread reputa- 

tion by writing an unusually good book. Often 
then his name comes to signify the literary product 
rather than the man himself. A case in point is Fritz 
Ephraim, whose “Inorganic Chemistry”’ is commonly 
referred to as “Ephraim.” This ‘Textbook for Ad- 
vanced Study and Reference” appeared in 1922. It has 
had five German editions, and has been translated 
into Russian, Spanish, Italian, and English. The 
third and fourth English editions appeared after the 
author’s death, but though the facts have been brought 
down to date, these posthumous issues have preserved 
the original general scheme. The material is not ar- 
ranged in the usual dictionary-like manner; the ele- 
ments are not dealt with one after the other. Rather, 
related compounds are discussed with emphasis on 
their comparable and unifying characteristics. It has 
appropriately been called a comparative inorganic 
chemistry. Ephraim exhibited here his extraordinary 
wealth of factual knowledge and also his keen compre- 
hension of relationships. The result was not a bulky 
tiresome reference volume, but an interesting presenta- 
tion of the bewildering array of inorganic facts in a col- 
lective rather than individualform. The volume (circa 
900 pages) contains a vast amount of information, 
presented so attractively that it is hard to put the book 
down. 

Another notable and gigantic literary task was his 
contribution to the 7th edition of Gmelin-Kraut’s 
“Handbuch der anorganischen Chemie.” Ephraim 
wrote (1902-12) the sections on the alkali and alkali- 
earth metals; beryllium, aluminum, niobium, man- 
ganese, arsenic, antimony, tantalum; the nitrogenous 
compounds of sulfur. The chapters on vanadium, bis- 
muth, and tungsten in “‘Muspratt’’ (1905) came from 
his pen; likewise the chapter on vanadium in Fehling’s 
“Handworterbuch” (1912). Fortschritte der Chemie, 
Physik und Physikalischen Chemie from 1909 to 1914 
contained his surveys of the ‘‘Advances in the field of 
complex compounds.” His ‘‘Chemische Valenz-und 
Bindungs-Lehre”’ (306 pp.) appeared in 1928 and was a 
great success. 

Fritz Ephraim was more than an indefatigable 
student and gifted writer. He was also a successful and 
beloved teacher, always willing to help and guide his 
students and to give them the benefit of his enormous 
store of information. Retiring and modest, he took 
whatever fame came to him quietly and philosophically, 


glad that he was privileged to participate in the great 
quest for further illumination on the problems posed by 
our surroundings. 

The story of his life is soon told. Born in Berlin on 
September 4, 1876, he was educated at Charlottenburg, 
Munich, and Berlin. His principal teachers were 
Baeyer, Liebermann, and Emil Fischer, in whose labo- 
ratory he received post-doctorate training. Though his 
background, through contact with these masters, was 
organic, in 1901 he accepted a call to Berne to take 
charge of the general inorganic laboratory. He re- 
tained this responsibility for almost three decades. 
His reputation was made in the inorganic field. None- 
theless, in 1932 he was appointed professor of theoreti- 
cal and organic chemistry, and so great was his ver- 
satility that he switched back to this, his original field, 
with little if any difficulty. Not many modern chem- 
ists can so successfully accomplish this feat of reconver- 
sion. 

His investigations can be roughly divided into three 
groups, each covering approximately 10 years. The 
list comprises about 120 papers, and includes 43 doc- 
torate theses. The first period was devoted to a wide 
variety of studies on the preparation and investigation 
of the reactions of numerous inorganic compounds, 
hitherto wholly or partly unknown. The second 
period comprises his comprehensive investigations of 
the nature of auxiliary valences and the stability of 
complex compounds. The third period dealt with 
such fundamental topics as the relation of solubility and 
stability of hydrates, the deformation of the outer 
and inner electron shells when compounds are formed, 
etc. After years of special study, this expert in chemi- 
cal binding wrote, in 1931: ‘So far as there is any 
certainty in our knowledge, it can now be said that 
there is no longer any place for the concept of a special 
chemical force; its reduction to space and charge surely 
signify a gratifying simplification of our world pic- 
ture.” 

In 1930, Dr. Ephraim was offered the directorship 
of the chemical institute of a university in Palestine, 
but he could not bring himself to leave his beloved 
Berne. Yet he did not seek Swiss citizenship until 
1932. His last years were made miserable by a chronic 
illness, to which he succumbed6n January 17, 1935.1 

1 A detailed biography and complete bibliography of Ephraim’s 


publications was given by E. Michel, Helv. chim. acta, 18, 1448-64 
(1935). See also Ber., 68A, 62-5 (1935). 


The poet, according to Gilbert K. Chesterton, is content to walk along with his 
head in the heavens, while the scientist must ever seek in vain to cram the heavens 


into his head! 
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The Use of Semimicro Technic 
in Organic Chemistry—VII 


Preparation of Derivatives for the Identification of Organic Compounds 


NICHOLAS D. CHERONIS, LORRAINE STENN, and VASILIA CASTRITSIS 
Chicago City College, Chicago, Illinois 


N previous papers! one of the authors has described 

semimicro technics primarily designed for prepara- 
tive organic chemistry. The present paper deals 
with the application of semimicro technics to the 
identification of organic compounds. More specifically 
the subject of investigation was the development of 
suitable methods for the preparation of derivatives 
which could be used in the teaching of qualitative or- 
ganic analysis at the undergraduate level, and in which 
semimicro quantities might be used. Schneider and 
Foulke,® * 4 and also Alber,® © 7 have published a series 
of papers dealing with the use of micro methods in the 
purification and determination of physical constants of 
organic compounds as well as micromodifications of 
some of the methods used in qualitative organic analy- 
sis; most of these adaptations deal with elementary 
analysis, solubility tests, and classification reactions. 

For our particular investigation it was desired to use 
semimicro quantities rather than micro quantities. 
Although there is as yet no general agreement as to de- 
marcation lines between macro, semimicro, and micro, 
the authors designate as micro quantities those in- 
volving the use of a few milligrams, as semimicro 
quantities those involving the use of several hundred 
milligrams, and as macro quantities those involving 
the use of several grams. It is believed that in the 
teaching of organic chemistry at the undergraduate 
level it is convenient to begin the preparative work 
of the first semester using quantities of 500 mg. to a 
few grams and introduce in the laboratory work of the 
second semester some qualitative organic analysis 
with quantities of 100 to 500 mg., and then at some 
later stage of advanced work introduce the handling 
of a few milligrams. This is particularly true in the 
final step of the identification of the unknown by the 
preparation of one or more derivatives: Although it is 
not denied that it is possible for an undergraduate to 
learn to prepare and recrystallize a derivative starting 
with 1 to 5 mg. of the unknown, it has been found that 
only a few of the students are able to complete the 


1 CHERONIS, J. CHEM. Epuc., 16, 28 (1939); 20, 431 (1943); 
20, 488 (1943); 20, 611 (1948); ‘‘Semimicro and Macro Organic 
Chemistry,” Thomas Y. Crowell Company, New York, 1942. 

2 FOULKE AND SCHNEIDER, Ind. Eng. Chem., Anal. Ed., 10, 
104, 445 (1938); 11, 111 (1989); 12, 554 (1940). 

3 GARCIA AND SCHNEIDER, ibid., 14, 94 (1942). 

4 SPATT AND SCHNEIDER; 1bid., 16, 479 (1944). 

5 ALBER AND BRYAN; ibid., 12, 305 (1940). 

6 ALBER, tbid., 12, 764 (1940); 13, 656 (1941). 

7 BATT AND ALBER, ibid., 13, 127 (1941). 


preparation, perform 2 or 3 crystallizations, and still 
have a sufficient amount for the determination of melt- 
ing points. 

The usual steps involved in the identification cf an 
unknown organic compound are: (a) preliminary 
examination; (6) determination of melting point or 
boiling point, refractive index, and other physical con- 
stants; (c) determination of elements present; (d) 
solubility data and provisional classification of the 
unknown on the basis of the information available; 
and (e) functional group reactions. On the basis of 
this information several compounds are selected which 
closely fit the data obtained. The final and conclusive 
step which eliminates the various alternatives and leads 
to the identification of the unknown is the prepara- 
tion of one or more suitable derivatives. If the deriva- 
tive prepared melts within 2° of the melting point 
given in the literature for the same derivative of one 
of the compounds in the list of possibilities, a tentative 
identification is made. Finally, if a mixture consisting 
of the derivative prepared from the unknown and the 
same derivative prepared from a pure sample of the 
compound tentatively identified as the unknown 
melts without showing a variation of more than 1° 
from the melting point of either component aione, the 
proof is considered conclusive. 

Practical considerations demand that a derivative in 
order to be useful in identification work, should fulfill 
the following requirements: (1) it should be a solid 
melting at 50 to 150°; if the derivative is an oil or a 
solid melting below 50° small quantities cannot be 
purified easily; the determination of melting points 
above 200° requires considerable care in ascertaining 
the thermometer correction; (2) there should be a 
fairly large interval between the melting point of the 
derivative and those of adjacent members of the 
series; (3) the reaction by which the derivative is made 
should be complete within 30 minutes, with as few side 
reactions as possible and with a good yield; (4) the 
reagents used in the preparation of the derivative 
should be readily available; and (5) the derivative 
should be readily purified; it should be slightly soluble 
in some common solvent in the cold, and somewhat 
soluble at the boiling point of the solvent; more specifi- 
cally, the ratio of solubility at room temperature to that 
at the boiling point of the solvent should be more than 
1:5. 

The above considerations demand that care and 
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thought should be exercised in the selection of an ap- 
propriate derivative. This is particularly true when 
semimicro quantities are used. The number of deriva- 
tives proposed as suitable for identification work is 
rather large for some groups of compounds. Table 1 
shows only a partial list of derivatives proposed in the 
literature for the identification of carboxylic acids, 
alcohols, and carbonyl compounds. For the purpose 
of our work preliminary trials were made on most of the 
derivatives listed in Table 1; the first two listed in each 
column were selected as recommended derivatives for 
beginners. In the tables of derivatives which were 
constructed, the recommended derivatives are listed 
in the first two columns, and in the third some other 
derivatives are included in case the recommended 
derivative is not found suitable. Examples of the 
table of derivatives are given in Tables 2 and 3. In 
some cases the melting points for a particular compound 
which were found by extensive search of chemical 
literature, disagree by several degrees and the selection 
presents a difficult problem. For example, the melting 
point of piperonyl alcohol has been reported as 51°,° 
52-53°,® 54°, 57°,1! and 58°.'? Though in most 
cases the higher melting point was selected for list- 
ing, in this particular case 52-53° was selected, since 
the compound has been extensively investigated here. 
The preparation of the recommended derivatives was 
investigated somewhat in detail, first, so as to develop 
specific directions for each type of derivative using semi- 
micro quantities, and second, in order to discover 
whether or not these specific directions required radical 
alteration for different members of the same group. 
It was found, for example, that the general directions 
for the formation of semicarbazones did not give good 
results with the lower carbonyl compounds. Tables 
4 and 5 show the results obtained in a series of experi- 
ments involving the preparation of the semicarbazones 
of several carbonyl compounds following the same 
general method. To eliminate the variable due to 
impurities, all carbonyl compounds used were highly 
purified by twice distilling commercially available pure 
grades of the compound under reduced pressure. 
The results indicate that the lower carbonyl compounds 
do not form the semicarbazones as easily as the higher 
members of the series. It is known’* that the time re- 
quired for the formation of the semicarbazones varies 
greatly from a few minutes to several weeks. No prod- 
uct could be isolated from the reaction mixture of 
formaldehyde and semicarbazide even after it had 
stood for three weeks; an amorphous precipitate was 
obtained at once when the sodium acetate was omit- 
8 FITTIG AND REMSEN, Ann., 159, 180 (1871); DECKER AND 


Kocu, Ber., 38, 1741 (1905); MannicH AND WALTHER, Arch. 
Pharm., 265, 1 (1927). 

° Bercer, J. Chem. Soc., 93, 567 (1899); CAROTHERS AND 
Apams, J. Am. Chem. Soc., 46, 1681 (1924). 

10 Vavon, Compt. rend., 154, 361 (1912); BRAUN AND Wizz, 
Ber., 60, 102 (1927). 

11 Parys, Rec. trav. chim., 49, 17 (1930). 

12. Orr, ROBINSON, AND Wiitams, J. Chem. Soc., 111, 950 

1917). 

13 SEMMLER AND HOFFMANN, Ber., 40, 3525 (1907); MrcHAkL, 
J. Am. Chem. Soc., 41, 428 (1919). 
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ted; this product is insoluble in water or alcohol and is 
apparently a poly condensation product of semicar- 
bazide and the aldehyde.'* Another complication with 
the reaction of semicarbazide and carbonyl compounds 
is that on long standing in the presence of alkali ace- 
tates, there is a tendency toward the formation of 
acetylsemicarbazide® and hydrazodicarbonamide.'* 
This brief discussion indicates that the -beginner will 
encounter difficulties unless provision is made to ac- 
quaint him with the fact that the lower aldehydes and 
ketones react slowly and somewhat anomalously, and 
when they do react the solubility of the derivatives 
formed is appreciable. Furthermore, whether the 
directions are intended for a student or for a laboratory 
worker in industry it will be of advantage to point 
out that for the lower carbonyl compounds the prepa- 
ration of the 2,4-dinitrophenylhydrazones should be tried 
first. Using 0.5 ml. of a 40 per cent solution of 
formaldehyde the 2,4-dinitroderivative was prepared 
within five minutes; 35 mg. of the derivative were ob- 
tained, and without crystallization it gave a melting 
point of 163°, which is 3 degrees lower than the melt- 
ing point recorded in the literature. The 2,4-dinitro- 
phenylhydrazide of acetone was readily prepared using 
0.2 ml. of the ketone; 50 mg. of crystals were obtained 
which gave a melting point of 126°, identical with that 
recorded in the literature. 

Most methods described in original papers on the 
preparation of derivatives for identification work use 
macro quantities, usually 1 to 5 g. of the compound. 
The yield of the derivative with such quantities is 
such that even a careless worker can perform 2 or 3 
crystallizations and still have 100 mg. of the deriva- 
tive left. In the transition from macro to semimicro 
quantities the amounts of reagents are reduced tenfold 
or more, and consequently conditions must be chosen 
which will insure: (@) completion of the reaction; 
(6) minimum losses in handling; (c) minimum num- 
ber of crystallizations to obtain a pure product; and (d) 
sufficient yield of pure product for several melting- 
point determinations. To meet some of these condi- 
tions it was found advisable for the use of students to 
give two or three specific examples involving the prepa- 
ration of each of the recommended derivatives, with 
brief notes at the end discussing changes in procedure 
for other members of the same group of compounds. 
Illustrations of some of these specific examples are 
given in the experimental part. 

No matter in what detail the procedure may be de- 
scribed there is one variable which may cause difficulty 
for both the beginner and the advanced student when 
semimicro or micro quantities are used, namely, the 
purity of the reagent used in the preparation of the 
derivative. The unknown substance is usually purified 
before it is subjected to a reaction for the preparation 


14 THIELE AND BAILEY, Ann., ;303, 79 (1899); MICHAEL, 


J. Am. Chem. Soc., 41, 421 (1919). 

1 RUPE AND HINTERLACH, Ber., 40, 4770 (1907). 

146 AUWERS AND KBEIL, ibid., 35, 4215 (1902); Lipp aNp Pap- 
BERG, tbid., 54, 1327 (1921). 
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of derivatives. The purity of the reagent, however, is 
taken for granted, since it is guaranteed by the label 
of the manufacturer. This guarantee was made when 
the manufacturer bottled the compound. 3,5-Dinitro- 
benzoyl chloride and a-naphthylisocyanate, two com- 
mon reagents used in the derivatization of alcohols, 
slowly absorb moisture after the seal of the bottle is 
broken even if the bottle is closed by a glass stopper. 
Thus, if one uses 100 mg. of 3,5-dinitrobenzoy] chloride, 
he may be introducing a quantity of 3,5-dinitrobenzoic 
acid into the sample. This may be difficult to remove 
since the procedure given was designed to remove only 
very small quantities of the 3,5-dinitrobenzoic acid 
which is bound to form, first from the moisture in the 
vessel and alcohol, and second from untreated acyl- 
chloride. Table 6 shows the effect of the purity of re- 
agents on the melting points of the derivatives. The 
3,5-dinitrobenzoate melting at 93-95° requires at least 
three crystallizations from aqueous alcohol to raise the 
melting point to 104-105°; there is approximately 40 to 
50 per cent loss in each crystallization so that there 
will be about 10 mg. left, which must again be crystal- 
lized in order to obtain the correct melting point for the 
derivative, 106-107°. On the other hand, the sample 
melting at 102-103° will, after two crystallizations, 
give the correct melting point; the yield of the pure 
derivative is about 20 mg. 


LABORATORY TECHNICS AND APPARATUS 


Most of the apparatus and technics used have already 
been described, and only changes and variations found 
convenient in this phase of the work will be described. 

Heating and Reflux Apparatus. Test tubes 25 X 250 
mim. (eight-inch) are used as reaction vessels for the 
preparation of most derivatives. If heating under 
reflux is required a finger condenser is used.” A num- 
ber of semimicro and micro burners were tried. The 
Alber, '* Fisher, ® and Waco” were found satisfactory for 
most operations. A semimicro burner may be used 
for most operations. Whenever a very minute flame 
(nonluminous) is required, a student-constructed micro- 
burner shown in Figure 1 has been found useful. For 
the water bath a beaker, an empty tin can, or a semi- 
micro metal bath” may be used. 

Filtration. In the preparation and purification of 
derivatives, filtration is by far the operation most often 
performed. The apparatus previously described”! was 
modified slightly, as shown diagrammatically in Figure 
2. An eight-inch tube with a side arm holds the funnel 
by means of a one-hole No. 4 rubber stopper. The fun- 
nel has a diameter of 50 mm. at the top with a stem 55 
mm. long. The inside of the funnel 30 mm. from the 
top is slightly ground, so as to produce a circular band 
5 mm. wide. This offers a better support for the per- 

17 CHERONIS, ‘“‘Semimicro and Macro Organic Chemistry,” 
Thomas Y. Crowell Company, New York, 1942, p. 30. 

18 Arthur H. Thomas Co., Philadelphia, Pa., burner No. 2552 J. 
an red Scientific Co., Pittsburgh, Pa., burners Nos. 20-141 


2% Wilkens-Anderson Co., Chicago, Ill., burner 1813 M. 
21 CHERONIS, reference 17, pp. 35-8 
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forated porcelain disc and prevents tilting to one side 
or the other. A porcelain perforated disc 20 mm. in 
diameter and 5 mm. in thickness fits inside of the 
funnel against the ground band. A disc of filter paper 
25 mm. in diameter is used, and with this arrange- 
ment a tight fit is obtained between the filter paper 
and the funnel. This arrangement has been found 
more satisfactory than a disc cemented or fused? into 
the funnel, because it permits rapid removal and 
cleaning of the funnel. The funnel with the ground 
band and filter discs is commercially available.” As 
shown in Figure 2, the tube holding the funnel fits into a 
semimicro test tube rack which has been modified by 
attaching to it two baffle plates so as to give it a solid 
base and prevent tilting when the heavy pressure 
tubing is attached to the side arm of the eight-inch tube. 
Shown in Figure 2 are also a small bottle holding the 
25-mm. filter discs and semimicro spatula. 

The apparatus described may be used for rapid filtra- 
tion and crystallization of quantities from a few milli- 
grams to several hundred milligrams of derivatives; 
after the reaction by which the derivative is prepared 
has been completed and the initial crystallization has 
taken place, the tube containing the reaction mixture is 
shaken vigorously and the contents are emptied on 
the prepared filter funnel. To prepare the funnel for 
filtration the perforated disc is dropped inside the 
funnel and arranged in place by a slight pressure of the 


22 ROSWELL, Ind. Eng. Chem., Anal. Ed., 12, 350 (1940). 
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finger. A disc of filter paper is placed on the porcelain 
disc and wetted with two or three drops of water. 
By applying slight suction it is sucked down into place 
so that the edge of the filter paper is held up tightly 
against the funnel. The filtration of crystals usually 
is over within a minute, the filtrate is poured back into 
the reaction tube, and after shaking, the liquid is re- 
turned to the funnel. The process is repeated until 
all the crude derivative has been transferred into the 
funnel. The crystals are pressed down gently with a 
rod and washed twice with a small amount of the solvent 
from which the derivative will be crystallized. The 
crystals are transferred back into the reaction tube 
with the filter paper, and the appropriate amount of 
the solvent is added. The filter is cleaned rapidly and 
fitted over another eight-inch tube with side arm, into 
which the hot solution is filtered and allowed to crystal- 
lize. Thus, using three or four eight-inch tubes, it is 
possible to perform three or four crystallizations within 
a short period of time. In practice two crystallizations 
are performed directly after the preparation, saving a 
5-mg. sample from each for melting-point determina- 
tions. 

For quantities of 1 mg. or less a filter stick or the 
apparatus described by Kester?* may be used. 

Drying of Crystals. Most derivatives are air dried 
by placing the crystals on a paper drying disc 90 to 
100 mm. in diameter. With a pencil, mark it into four 
equal sections and label them with numbers to repre- 
sent the small samples kept from the successive crystal- 
lizations. If the determination of melting points is to 








FIGURE 3 


take place on the following day, the crystals are covered 
with a watch glass and the paper disc is placed on a 
watch glass resting on a tripod or ring stand and heated 
by a very small flame. If the crystals show signs of 
melting, the paper disc is lifted from the watch glass 
momentarily and the flame is lowered. In cases where 
drying in a desiccator is necessary, a hand desiccator 
shown in Figure 3 may be used. It consists of a small 
23 KESTER, ibid., 5, 422 (1933). 


JOURNAL OF CHEMICAL EDUCATION 


wide-mouth bottle with a bakelite cap. The drying 
agent is placed in the lower part of the bottle at a depth 
of about 10to 15mm. The sample is placed in a small 
tube or vial whose upper part when placed within the 
bottle reaches about 5 to 10 mm. below the mouth of 
the bottle. The drying agent depends on the nature of 
the solvent used for the crystallization. For most 
purposes a mixture of sodium hydroxide pellets and an- 
hydrous calcium chloride will do. A few pieces of 
freshly cut paraffin wax are added to the bottle if a 
hydrocarbon was used as a crystallizing solvent. When 
the solvent is alkaline a small tube containing concen- 
trated sulfuric acid is placed in the bottle along with 
the tube containing the crystals to be dried. 

Distillation. No change in the apparatus used for 
simple distillation was made from that previously de- 
scribed.‘ For the fractionation of 1 to 2 ml. of a liquid, 
a spiral glass yarn column was employed. In a few 
instances, when quantities of 0.5 ml. or less were in- 
volved, the microdistillation apparatus described by 
Craig, Gettler, and Tiedcke** was used with fairly good 
results. 

Sublimation. The apparatus described in the litera- 
ture” 8 29 for microsublimation under reduced pres- 
sure is far too elaborate for student use. A simple ar- 
rangement is shown in Figure 4. An eight-inch tube 
with a side arm is heated in an oxygen flame and the 
lower part is drawn out leaving a tube about 120 mm. 
in length. The lower part is blown out so as to bulge 
slightly. A No. 4 rubber stopper is thoroughly cleaned 
and fitted with a microcondenser. The stopper is in- 
serted in the tube so that the end of the condenser is 
5 to 10 mm. from the bottom. The tube connects by 
means of pressure tubing with another eight-inch tube. 
The two-hole rubber stopper which fits into this tube 
holds a glass stopcock and a glass tube bent into an L 
shape to connect to a water aspirator or mechanical 
vacuum pump. The solid to be sublimed is placed in 
the short tube and after the stoppers have been ad- 
justed, evacuation is started. After about five minutes 
the lower part of the tube is heated cautiously until 
sublimation begins and proceeds very slowly. The sub- 
limed substance collects on the microcondenser. When 
a sufficient amount has sublimed the stopcock is 
turned very slowly to release the pressure. The con- 
denser is carefully removed by turning the sublima- 
tion tube and is lifted and held over a watch glass. 
The crystals are removed by means of the spatula. 

Determination of Melting Points. Considerable lit- 
erature®—“ has accumulated on apparatus for micro- 

24 CHERONIS, reference 17, p. 63. 

2 Craic, Ind. Eng. Chem., Anal. Ed., 8, 219 (1936). 

26 TIEDCKE, ibid., 15, 81 (1943). 

27 CLARKE AND HERMANCE, Ind. Eng. Chem., Anal. Ed., 11, 50 
CR rioeron, MAHONEY, AND RICHARDSON, ibid., 11, 460 (1939). 

29 MARBERG, J. Am. Chem. Soc., 60, 1509 (1938). 

30 Dennis, Ind. Eng. Chem., 12, 366 (1920). 

31 BELL, ibid., 15, 377 (1923). 

32 Avery, ibid., 20, 570 (1928). 

33 ConTE, ibid., Anal. Ed., 2, 200 (1930). 

34 BLankK, Ind. Eng. Chem., 5, 74 (1933). 

3 WaLsH, ibid., 6, 468 (1934). 


a 





— a ae 


OR Bi Re ek ie 





= 
| 






































FIGURE 4 


methods of determining the melting point. The 
Markley* and Hershberg*’ apparatus are too elaborate 
for use by beginners. Most types of melting-point 
apparatus provide insufficient stirring; this coupled 
with the tendency of students to heat rapidly results 
in errors as large as five or six degrees. 

Using the Bureau of Standards benzoic acid which 
was dried at 105° for two hours, and the same thermom- 
eter, the various melting-point apparatus shown in 
Figures 5 to 10 were tried. Agreements within 0.5° 
could be obtained only if the same rate of heating were 
maintained, a maximum of 1° per minute above 115° 
until the substance melted. If the rise of temperature 
above 115° was maintained at the rate of 1° for every 
two minutes, the agreement between different observers 
using the same apparatus and thermometer was less 
than 0.5°. 

It was found that whether the Thiele apparatus or 
the flask apparatus is used the best results are obtained 
when some form of stirring is employed, as shown in 
Figures 9 and 10. Figure 9 is a regular 125-ml. round- 
bottom flask with a three-hole stopper, carrying the 
thermometer and a piece of 5-mm. glass tubing bent 
as shown, with an orifice of about 0.5 mm. or less. Air 
is blown in at regular short intervals to circulate the 
liquid, a semimicro calcium chloride tube being fitted 

36 MARKLEY, ibid., 6, 476 (1934). 

37 HERSHBERG, ibid., 8, 312 (1936). 

88 SCHEHTER AND HALLER, ibid., 10, 392 (1938). 


39 STAHL, ibid., 13, 545 (1941). 
40 Grarr, ibid., 15, 638 (1943). 
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at the end of the rubber tubing. The Thiele modifi- 
cation shown in Figure 10 is a variation of the modifica- 
tion by Conte*’ and is operated as the flask apparatus. 

The problem of the thermometer is a very important 
one. Unless a thermometer is calibrated, errors of 
two or three degrees may be introduced even at tem- 
peratures below 100°. Seventy-two student ther- 
mometers were purchased from three different dealers 
and were standardized at 20° against a standard ther- 
mometer. The median deviation was between 1 and 
18”. 

The calibration of the thermometer is recommended 
as the first operation before any derivatives are pre- 
pared. It is essential that the same apparatus and 
rate of heating be used throughout the calibration 
and on the melting points of the derivatives. For the 
calibration of thermometers the following pure sub- 
stances were used: 


Substance Substance 


M. P. 
(°C) 
Salicylic acid 159.8 
Anthracene 216.0 
p-Nitrobenzoic acid 241 


Water—Ice 
p-Nitrotoluene 
Naphthalene 
Benzoic acid 
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The deviation is plotted as shown in Figure 11. Curves 
B and C are for ordinary thermometers in general use, 
standardized for total immersion. Curve A is for a 
thermometer of the same quality but standardized for 
76-mm. stem immersion. Inspection of the curves in- 
dicates that the magnitude of the correction to be ap- 
plied is much smaller for the 76-mm. stem immersion 
thermometer than for the total immersion thermom- 
eters. The correction to be applied, as determined 
by the melting point of known pure substances, agreed 
fairly closely with those calculated by means of the 
well-known formula. Since there is no great difference 
in the price of thermometers calibrated by partial im- 
mersion, they are recommended for the use of begin- 
ners with the provision that they should be calibrated. 
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FicuRE 11.—CALIBRATION CURVES OF THREE STUDENT 

THERMOMETERS: A—-THERMOMETER CALIBRATED WITH 76-Mm. 

IMMERSION (AMERICAN); B AND C—THERMOMETERS CALIBRATED 
WITH TOTAL IMMERSION (B—GERMAN; C—AMERICAN) 


Weighing. The quantities of reagents used in the 
semimicro preparation of derivatives are usually be- 
tween 100 and 300 mg. The well-known hornpan bal- 
ance is capable of weighing 50 mg. without significant 
errors but is not now available. 

The present American model (plastic pan balance) 
has been found unsuitable for semimicro work. The 
swings are too short and the balance comes to rest too 
quickly; consequently, it is not capable of weighing 
even 100 mg. accurately. Therefore, for weighing 
quantities over 10 mg. the semimicro stand balance*! 
may be used. For weighing yields of derivatives in 
quantities of 1 to 10 mg. the Salvioni-Alber balance 
or a rough quantitative balance may be used. Liquids 
may be measured either by calibrated pipet droppers or 
by weighing directly in the tube.** 

41 Wilkens-Anderson Company, Chicago, III. 


42 Arthur H. Thomas Company, Philadelphia, Pa. 
43 CHERONIS, reference 12, p. 15. 
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Derivatives of Carboxylic Acids. The derivatives 
used for the identification of carboxylic acids are: 
amides, substituted amides, substituted phenyl] esters, 
and salts with various organic bases. Of these the p- 
toluidides and anilides are recommended to be tried 
first. If the carboxylic acid has less than eight carbon 
atoms the p-toluidide can be conveniently prepared by 
heating the acid with an excess of p-toluidine at 180 to 
200°. The reaction mixture is extracted with dilute 
hydrochloric acid to remove the excess of the base, 
with dilute sodium hydroxide to remove traces of 
unreacted acid, and is then crystallized from an alcohol- 
water mixture. The toluidides of the higher fatty acids 
and of the aromatic carboxylic acids are prepared by 
first converting the acid to the acyl chloride and then 
adding an excess of p-toluidine. The same method is 
used for the preparation of anilides and p-bromoanilides. 
For the higher fatty acids the derivatives obtained with 
4,4-diaminodiphenylmethane are useful. 

The preparation of several substituted phenyl esters 
of carboxylic acids may be used for characterization. 
Besides the p-nitrobenzyl, phenacyl, and p-bromo- 
phenacyl, the p-chlorophenacyl and p-phenylphenacy] 
esters may be prepared by similar reactions. Great 
caution, however, should be exercised in the use of 
these reactions by the beginner. All of the phenacyl 
halides have lachrymatory properties and, furthermore, 
cause blisters on contact with the skin. Also, handling 
of the crystalline esters causes an irritation between 
the fingers, probably because of small amounts of halide 
adhering to the crystals of the esters. 


TABLE 1 


ParTIAL List OF DERIVATIVES USEFUL FOR IDENTIFICATION OF CARBOXYLIC 
Acrps, ALCOHOLS, AND CARBONYL COMPOUNDS 


Carboxylic Acids 
p-Toluidides 
Anilides 
Amides 
p-Bromoanilides 
Methylenebisanilides 


p-Nitrobenzyl esters 


p-Phenylphenacyl 
esters 
p-Chlorophenylacyl 
esters 
p-Bromophenacyl 
esters 
Benzimidazoles 


Phenylhydrazides 
Benzylammonium salts 


s-Benzyl thiouronium 


salts 


@ Also called carbamates; 


Alcohols 


3,5-Dinitrobenzoates 
a-Naphthylurethans* 


Phenylurethans 


3,5 - Dinitrophenyl- 
urethans 
p-Xenylurethans 


p-Nitrophenylurethans 


4’ - Iodobiphenylure- 
thans 
p-Nitrobenzoates 


Hydrogen - 3 - nitro- 
phthalates 

Hydrogen phthalates 

p-Nitrobenzyl phthal- 
ates 

tert - Alkylhydrogen- 
tetrachlorophthalates 

Xanthates 


Alkyl - 3,5 - dihydroxy- 
benzoates 


derivatives of carbanilic acid, CGHsNHCO-OH 


1. Propionyl-p-toluidide. 


p-TOLUIDIDES 


Carbonyl Compounds 


Semicarbazones 

2,4 - Dinitrophenylhy- 
drazones 

p - Nitrophenylhydra- 
zones 

Phenylhydrazones 


o- and p-Chlorobenzo- 
hydrazones 

3 - Nitrobenzohydra- 
zones 

Diphenylhydrazones 


Nitroguanylhydrazones 

p- and m-Tolylsemi- 
carbazones 

a- and 6-Naphthylsemi- 
carbazones 

Methone derivatives 

Benzothiazoles 


Oximes 


phenylcarbamates also called carbanilates, as 


Place in an eight-inch 
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test tube 0.3 ml. of acid and 1.2 g. of p-toluidine. Place 
in an oil bath and raise the temperature slowly (10 
minutes) to 190°. Keep the temperature at 190 to 
200° for 30 minutes, then remove the tube and allow to 
cool. Add 7 ml. of 5 per cent hydrochloric acid and 
wash down the inner sides of the tube by means of a 
pipet dropper with 1 ml. of ethanol. Heat nearly to 
boiling and set in cold running water to cool for 10 or 
15 minutes, shaking the tube from time to time. Filter; 
wash with a mixture of 2 ml. of 5 per cent hydrochloric 
acid and 3 ml. of water, then with 5 ml. of water, 
followed by 5 ml. of 2 per cent sodium hydroxide solu- 
tion, and finally twice with 3 ml. of water. With a 
thin spatula remove the crystals and the filter paper 
and place in an eight-inch test tube. Add 3 ml. of 95 
per cent ethanol, and heat nearly to boiling until solu- 
tion of crystals is complete. Add as much charcoal 
as can be placed on one-half of the spatula blade and 
heat for a few seconds, then set aside. Prepare the 
filtration apparatus described above. Add to the 
filter funnel 4 or 5 drops of alcohol and then drain the 
receiving tube. Heat the solution of the derivative 
to boiling and pour slowly into the filter. The filtrate 
should be clear. If a minute amount of charcoal has 
passed through it, it can be overlooked, since the com- 
pound is to be recrystallized. About 1 ml. of ethanol is 
poured dropwise down the sides of the tube which was 
used to prepare the solution and after rotating the heat- 
ing for a few seconds, the washings are added to the 
filter. The suction is discontinued and 1.5 to 2 ml. 
of water are added to the filtrate. The tube is heated 
until the cloudiness disappears and is then cooled for 
15 to 20 minutes. The crystals are filtered and washed 
three times with 3 to 4 ml. of water. The yield of 
dry crystals is 75 to 100 mg.; melting point 122—123°. 
In practice they are recrystallized immediately after 
filtration from 3 ml. of ethanol and 1.5 ml. of water, 
using the procedure described. The yield of pure pro- 
pionyl-p-toluidide is 50 to 70 mg. melting at 123—124°. 
The solubility of p-toluidides decreases with an in- 
crease of the molecular weight of the fatty acid. Thus, 
using 0.3 ml. of m-caproic acid and the procedure de- 
scribed and the same number of crystallizations, about 
110 to 1380 mg. of n-caproyl-p-toluidide are obtained, 
melting at 74~-75°. However, as the molecular weight 
increases there is a tendency for the p-toluidides to 
separate as oils. The p-toluidide of n-caprylic acid 
illustrates this tendency. On heating with dilute 
hydrochloric acid the reaction mixture of 0.3 ml. of 
acid and 1.2 g. of p-toluidine, an oil separates which 
does not crystallize on cooling. If the tube is shaken 
frequently during cooling and the sides of the tube are 
scratched with a glass rod the oil crystallizes into a dark 
mass. After being washed as described, it is dissolved 
in 5 ml. of hot ethanol, treated with charcoal, filtered, 
and the filtrate diluted with 2 ml. of water. The crys- 
tals which separate on cooling are crystallized again 
from 5 ml. of ethanol and 3 ml. of water. The yield 
is about 200 mg. of n-caproyl-p-toluidide melting at 
70°. The preparation of the derivatives of fatty acids 
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having five to eight carbon atoms can be accomplished 
using 100 mg. or less. 


TABLE 2 
Ligurp Acips 
M. P. of Derivatives (°C.) 


Name of BP. 
Acid (°C.) p-Toluidide Anilide 
Formic 101 53 50 


Others@ 


(a) 31; (b) 74; (c) 128; (d) 
140; (f) 119; (h) 173; (i) 
143 

(a) 78; 
86; (e) 82; 
228; (i) 129 

(e) 85 

(a) 31; (b) 102; (c) 98; (d) 
63; (e) 81; (f) 149; (g) 
213; (h) 175; (i) 157 

(e) 62 

(b) 89; (d) 77; (e) 129; (f) 
155; (h) 224; (i) 140 

(e) 102-6; (f) 116; ureide, 143 

(a) 35; (b) 82; (c) 55; (d) 
63; (e) 115; (f) 115; (g) 
198; (h) 157; (i) 102 
@ Key: (a) p-nitrobenzyl ester; (b) p-phenylphenacyl ester; (c) p- 

chlorophenacyl ester; (d) ~-bromophenacy]l ester; (e) amide; (f) p-bromo- 

anilide; (g) methylenebisanilide; (h) benzimidazole; (i) phenylhydrazide. 


Acetic 118 147 114 (b) 111; (c) 72; (d) 


(f) 168; (g) 


Acrylic 140 
Propionic 141 


Propiolic 144 
Isobutyric 155 107 


Methacrylic 163 
Butyric 165 75 


2. Benzoyl-p-toluidide. Place 200 mg. of benzoic 
acid in an eight-inch distilling tube arranged as shown 
in the diagram. Lift the cork holding the micro 
condenser and add 0.6 to 0.8 ml. of thionyl chloride 
with a pipet dropper. Heat in a water bath at 75 to 
85° for 30 minutes. Lift the cork and add a solution of 
1 g. of p-toluidine in 25 ml. of dry benzene. (Caution: 
flames should not be in the vicinity.) Replace micro 
condenser and reflux gently for 15 minutes. Cool and 
then add 5 ml. of water and transfer the mixture into a 
small separatory funnel or into an eight-inch tube pro- 
vided with separatory stopper. Wash the distilling 
tube with 1 ml. of ethanol and add to the mixture in 
the separatory vessel. Shake the benzene-water mix- 
ture gently to insure thorough mixing but avoid forma- 
tion of an emulsion. Remove the aqueous layer and 
wash the benzene solution successively with 5 ml. of 5 
per cent hydrochloric acid, 5 ml. of 5 per cent sodium 
hydroxide, and 5 ml. of water. Allow sufficient time 
after shaking for complete separation of the two immis- 
cible layers. Pour the benzene solution into an evapo- 
rating dish and evaporate cautiously over a water bath. 
Wash the separatory vessel with 1 tp 2 ml. of ethanol 
and add the washings to the evaporating dish. Add 
to the residue 5 ml. of ethanol and warm until it is 
completely dissolved. Add charcoal and filter by suc- 
tion. Wash the dish with 1 or 2 ml. of ethanol and 
pour the washings through the filter. Add 2 to 3 ml. 
of water slowly to the filtrate and heat the tube until 
cloudiness disappears. Cool and filter the crystals, 
wash them twice with 3 ml. of water, and dissolve 
directly in 5 ml. of hot alcohol. Filter and add 2 ml. of 
water. Cooland filter the toluidide. About 200 mg. of 
pure benzoyl-p-toluidide are obtained, melting at 156°. 

3. n-Butyrylanilide. The same procedure is fol- 
lowed as in 2 except that a solution of 1.5 ml. of aniline 
is used instead of p-toluidine. The residue after evapo- 
ration of benzene is dissolved in 4 ml. of ethanol and 
2 ml. of water. The crystals which separate after the 
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first crystallization are dissolved in 4 ml. of ethanol, 
and 5 ml. of water are added after the solution is filtered. 
The yield of pure n-butyrylanilide melting at 94-95° is 
about 80 to 90 mg. The solubility of the anilides of 
aryl carboxylic acids is much less than those of the ali- 
phatic; hence the same variation in the amount of 
alcohol and water for crystallization is observed as in 
the p-toluidides. 


DERIVATIVES OF ALCOHOLS 


The derivatives which may be prepared for the char- 
acterization of hydroxy compounds are: _ esters of 
aromatic nitro carboxylic acids and esters of substi- 
tuted carbamic acids called urethans. The 3,5-dini- 
trobenzoates and a-naphthylurethans are recommended 
as the derivatives to be tried first. The 3,5-dinitro- 
benzoates are prepared by warming the alcohol with 
3,5-dinitrobenzoyl chloride and then adding water to 
precipitate the solid ester. In order to remove any 
3,5-dinitrobenzoic acid which may have been formed, 
the ester is thoroughly shaken with a solution of sodium 
carbonate, washed, and crystallized. The urethans 
are formed on heating a-naphthyl isocyanate with the 
alcohol. Along with the urethans, almost always a 
certain amount of substituted ureas is formed by reac- 
tion of the isocyanate with water present in the alcohol 
or moisture in the reaction vessel. Therefore this 
reaction is restricted to such hydroxy compounds as can 
be rendered anhydrous. The reaction mixture con- 
taining the urethan and some of the substituted urea is 
extracted with hot petroleum ether, which dissolves 
the urethan but not the urea. The use of naphthyl 
isocyanate is preferred to phenyl isocyanate. The 
Jatter, however, is more reactive and forms urethans 
which are more soluble and difficult to crystallize than 
the corresponding a-naphthyl derivatives. The yields 
of urethans from secondary and tertiary alcohols are 
generally poor. If tests indicate the presence of such 
alcohols it is advisable to use the dinitrobenzoates for 
characterization. 

1. Ethyl-3,5-dinitrobenzoate. Place in an eight-inch 
tube 100 mg. of pure 3,5-dinitrobenzoyl chloride and 
0.3 ml. of 95 per cent ethanol. Fit the tube with a 
micro reflux condenser and heat with a micro burner 
so that the alcohol boils gently for five or six minutes. 
Cool for a minute and add 3 ml. of water. Filter the 
crystals. Return them to the test tube, add 5 ml. of 
5 per cent sodium carbonate solution, heat to about 
60°, and then stopper the tube and shake vigorously 
twice with 4 to 5 ml. of water. Return the crystals 
to the tube, add 15 ml. of ethanol, and heat nearly to 
boiling. Filter and add 10 ml. of water to the filtrate 
and heat until cloudiness disappears. If the cloudiness 
persists near the boiling point of the solution add alco- 
hol dropwise. Cool for 10 to 15 minutes and filter. 
Wash twice with water and repeat crystallization. 
About 100 mg. of pure ethyl-3,5-dinitrobenzoate are 
obtained, melting at 94~-95°. 

2. sec-Butyl-a-naphthylurethan. Dry an eight-inch 
tube by heating it over a free flame and then stopper 
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TABLE 3 
ALCOHOLS 


M. P. of Derivatives (°C.) 





a- 3,5- 
B. P. Naphthyl Dinitro- 
ti Urethan benzoate 
64.65 124 108 


Others® 
(a) 47; (b) 179.5; (c) 127; 
(d) 127; (e) 96; (f) 153; 
(g) 82.5 
(a) 52; (b) 129; (c) 119; 
(d) 83; (e) 57; (f) 158; 
48 


Alcohol 
Methyl 


Ethyl 78.32 79 93 


&. 
82.4 106 123 (a) 75; (b) 116; (c) 138; 


(d) 112; (e) 110.5; (f) 
154 


Isopropyl 


(a) 186; (d) 166 (e); 116 

(a) 70; (b) 108; (d) 114; 
(e) 28; (f) 124 

(a) 57; (b) 110; (c) 129; 
(d) 97; (e) 35; (f) 145.5; 
(g) 54.4 

(a) 64.5; (b) 75; (c) 105.5; 
(d) 120; (e) 26; (f) 131; 
(g) 60 

(a) 42; (e) 85 

(a) 86; (b) 80; (d) 119; (e) 
69; (f) 180.5; (g) 65 

(a) 68; (f) 127; (g) 39 


tert-Butyl 
Allyl 


Propyl 


sec-Butyl 


tert-Amyl 
Isobutyl 


3-Methyl-2- 
butanol (sec- 
isoamy]l) 

3-Pentanol 
(diethyl car- 
binol) 

Butyl 


(a) 49 


(a) 61; (b) 95.5; (c) 109; 
(d) 70; (e) 36; (f) 147; 
(g) 73.5 
* Key: (a) Phenylurethan (carbanilate); (b) p-nitrophenylurethan; (c) 

p-xenylurethan; (d) 3,5-dinitrophenylurethan; (e) p-nitrobenzoate; (f) 

hydrogen-3-nitrophthalate; (g) hydrogenphthalate. 


it with a cork holding a calcium chloride tube. When 
cool, add 0.2 ml. of sec-butyl alcohol and 0.25 ml. of 
a-naphthyl isocyanate to the tube. Replace the cork 
with a calcium chloride tube and place it in a water 
bath at 60 to 70° for 10 minutes. Cool and scratch the 
bottom of the tube if the crystals do not separate. Add 
8 ml. of petroleum ether (or commercial heptane), 
heat to boiling, and filter. Cool the filtrate until the 
crystals separate. Filter and crystallize from 5 to 6 
ml. of heptane. Yield, 90 mg. melting at 97°. 


DERIVATIVES OF CARBONYL COMPOUNDS 


The derivatives commonly used for the identification 
of aldehydes and ketones are semicarbazones or sub- 
stituted semicarbazones and substituted hydrazones. 


TABLE 4 
SEMICARBAZONES OF COMMON KETONES 


——M. P. (°C.)—— 
Ketone (Obs.) (Accepted) 


Acetone Xo 6 187 
Acetone? c 183 187 
Acetone® 186 187 
Butanone 135 135 
4-Methyl-2-pentanone? 132 135 
2-Heptanone? 125 127 
2-Octanone? 121 122 
Cyclohexanone? 164 166 
Acetophenone? 197 198 
Benzophenone*® ba nae 
Benzophenone/ 161 : 164 


@ A mixture of 200 mg. of semicarbazide hydrochloride, 300 mg. of sodium 
acetate, 2 ml. of water, and 200 mg. of the carbonyl compound heated for 
5 minutes, allowed to stand for 20 minutes, then cooled, and the crystals 
filtered, washed, and recrystallized. 

6 Heated for 30 minutes and allowed to stand for one hour. 

¢ Heated for one hour and allowed to stand for two hours. 

4 2 ml. of methanol added to reaction mixture before heating. 

¢ 6 ml. of methanol added to reaction mixture. 

f Heated for 30 minutes. 


Semicarbazone* 
Yield, mg. 
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Other derivatives are the oximes and benzothiazoles. 
A number of the carbonyl compounds can be reduced 
to alcohols by catalytic hydrogenation or oxidized to 
acids which are then derivatized. The semicarba- 
zones and 2,4-dinitrophenylhydrazones are the recom- 
mended derivatives to be tried first. 

1. Semicarbazone of Butanone. Place in an eight- 
inch tube 200 mg. of semicarbazide hydrochloride, 
300 mg. of sodium acetate, 2 ml. of water, and 0.2 ml. 
of butanone. Heat cautiously until the mixture just 
begins to boil. Cork, shake, and place in a beaker con- 
taining hot water (80 to 90°) and allow to stand for 
15 to 20 minutes. Cool and filter the crystals. Use 
the filtrate to transfer the remaining crystals in the 
reaction tube. Press the crystals and wash with 1 
ml. of 50 per cent methanol, and dry. Yield, 120 to 
150 mg. melting at 135°. If it is necessary to crystal- 
lize the semicarbazone use the minimum amount of 
water. 

For the higher carbonyl compounds, besides 2 ml. 
of water, 2 ml. of methanol must be used in the reaction. 

The semicarbazones of the lower aldehydes form 
slowly and are more soluble, therefore semicarbazones 
are not recommended as derivatives. The 2,4-dinitro- 
phenylhydrazones are recommended for these com- 
pounds. 

TABLE 5 
SEMICARBAZONES OF COMMON ALDEHYDES 


M. P.(°C.) 
Aldehyde (Obs.) (Accepted) 


Formaldehyde ewe 169 
Formaldehyde® dels 169 
Formaldehyde¢ wae 169 
Acetaldehyde aes aes 
Acetaldehyde® eis 162 
Acetaldehyde* eet 162 
Butanal éé3 126 
Butanal> 120 126 
Heptanal¢ 105 106 
Benzaldehyde® "992 222 
Salicylaldehyde? 231 231 


¢ A mixture of 200 mg. of semicarbazide hydrochloride, 300 mg. of sodium 
acetate, 2 ml. of water, and 200 mg. of the carbonyl compound was heated 
for 5 minutes and then allowed to stand for 20 minutes to cool; the crystals 
were then filtered, washed, and recrystallized. 

6 Heated for two hours. 

¢ Allowed to stand for 24 hours at 20°; the solution evaporated to dryness 
in vacuum and extracted with 75 per cent methanol. 

2 ml. of methanol added to reaction mixture before heating. 


of Formaldehyde. 


Semicarbazone* 
Yield, mg. 


2. 2,4-Dinitrophenylhydrazone 
Place in an eight-inch test tube 40 mg. of 2,4-dinitro- 
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phenylhydrazine and 10 ml. of methanol; heat until 
the alcohol begins to boil. If the hydrazine is not com- 
pletely dissolved, pour off the hot alcoholic solution 
into another test tube, leaving the residue. Add 0.5 ml. 
of 40 per cent solution of formaldehyde to the hot alco- 
holic solution. Heat for 1 minute; then add 2 drops 
of 6 N hydrochloric acid, heat under reflux for 3 to 5 
minutes, and add water dropwise until a cloudiness ap- 
pears. Cool and filter the crystals. Recrystallize 
from 3 to 4 ml. of methanol. Yield, about 30 mg. 
melting at 165°. 

When the 2,4-dinitrophenylhydrazones have a melt- 
ing point above 200° the preparation of the phenyl- 
hydrazone should be attempted first. Thus the semi- 
carbazone of benzaldehyde melts at 222° while the 
2,4-dinitrophenylhydrazone melts at 237°. The prepa- 
ration of the phenylhydrazone melting at 158° should 
then be attempted. 


TABLE 6 
EFFECT OF PuRITY OF REAGENT IN SEMIMICRO PREPARATION 


Yield of -——M. P. (°C.)—— 
Derivative (Obs.) (Accepted) 


98-99 108 


Compound 
Derivatized 


Methanol 85 
(0.15 ml.) 

Methanol 90 
(0.15 ml.) 

Methanol 88 
(0.15 ml.) 

Butanone 130 135 
(200 mg.) 

Butanone 125 133 
(200 mg.) 


Reagent 


3,5-Dinitrobenzoyl 
chloride A*—100 mg. 

3,5-Dinitrobenzoyl 
chloride Bbo—100 mg. 

3,5-Dinitrobenzoyl 
chloride C¢—100 mg. 

Semicarbazide hydro- 
chloride D¢—100 mg. 

Semicarbazide hydro- 
chloride E4—100 mg. 

Semicarbazide hydro- Butanone 132 132 
chloride F¢—100 mg. (200 mg.) 


@ From original bottle with seal unbroken. 

6 From bottle standing on shelf for 10 months. 

¢ Freshly purified by crystallization from dry carbon to tetrachloride. 

4 Grades D, E, F represent three samples from different manufacturers: 
D was labeled ‘“‘purified’’; E was marked ‘‘regular’’; and F was marked 
“highest purity.” 


93-95 108 
102-103 


3. Phenylhydrazone of Piperonal. Place in an eight- 
inch tube 200 mg. of piperonal, 200 mg. of methanol, 
and 0.1 ml. of phenylhydrazine. Boil for 1 minute and 
add 1 drop of glacial acetic acid. Boil gently for 3 
minutes and add 1.5 ml. of water. Cool and filter the 
crystals. Crystallize from 3 ml. of methanol. Filter 
the hot solution and add 0.5 ml. of water. Yield: 
90 to 100 mg. melting at 96°. On ¢rystallization the 
correct melting point of 100° is obtained. 


A movement is growing in Washington to ask the federal government to aid colleges 
and universities in their serious plight. The Committee on Higher Education appointed 
by the House of Representatives is seriously considering asking the following from the 


Congress: 


Direct federal financial aid to colleges and universities; assistance for development 
of adult education programs; funds for special research projects; establishment of a 
national system of scholarships; and grants for repair and construction of permanent 


equipment. 
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Here and There in the Jnade Literature 


‘ae lead article in The Lamp (Standard Oil Com- 
pany of New Jersey, 30 Rockefeller Plaza, New 
York City) for December, 1944, by Under Secretary of 
War Patterson, is entitled, ‘“‘Industrial research and 
national security,” and several smaller features of the 
same issue deal with the same topic. It need scarcely 
be said that this is one of the most important questions 
before the country today. Practically every other arti- 
cle in the issue is of real interest and importance to 
chemists and teachers, especially: ‘‘Oil and air trans- 
port’’ (from a statement presented before a hearing of 
the Civil Aeronautics Board); ‘Grease for the wheels 
of war’ (showing how science and skill combine to 
make 894 varied products); ‘“‘Asphalt and air power” 
(how asphalt has helped the Air Forces in the surfacing 
of airports); ‘“The diary of an oil well’’ (the headaches 
and triumphs which accompany oil drilling in war- 
time). 


In the Merck Review (Merck & Company, Inc., Rah- 
way, New Jersey) for January, 1945, is a short but 
interesting piece on “‘Electrons and chemicals: Allies in 
a world at war,’’ describing not only how electrons are 
helping in war and in production but also how certain 
chemicals are necessary in the construction of electronic 
apparatus. 


The Merck Report (Merck & Company, Inc., Rah- 
way, New Jersey) for January has another of the now 
rather common articles on the electron microscope, as 
well as a very good one on aviation medicine in which 
some of the common problems accompanying high alti- 
tude flight are considered. 


The quarterly Bakelite Review (Bakelite Corporation, 
30 East 42nd St., New York City) is always nicely 
illustrated and colored and can be depended upon for 
something worth while. The last number (October, 
1944) was no exception. A number of applications of 
plastics are described, one of which—a 38-foot, one- 
piece, plastic molded plywood sailboat—certainly 
catches the eye. 


Shell News (Shell Oil Company, 50 West 50th St., 
New York City) for December, 1944, contains ‘‘New 
words for the farmer’’ which deals with the use of liquid 
ammonia as a fertilizer for crops. Ammonia is said to 
be quickly absorbed by the soil, and part of the am- 
monia may be taken up by plants at once. The rest is 
gradually oxidized by soil bacteria and later taken up as 
nitrate. 


One reads everywhere of the wonderful use of blood 
plasma and of products made from it. Something more 
along this line, especially concerning new products 
made from blood, is to be found in an article in The 
Glass Lining (Pfaudler Company, Rochester, New 
York), Winter, 1944, number. 


“Sorting molecules at a million feet per second”’ is how 
Inco (International Nickel Company, 67 Wall St., New 
York 5, New York) describes the use of the mass 
spectrograph in its Fall-Winter edition, 1944. 


Esso Oilways (Penola, Inc., 26 Broadway, New York 
City) frequently leads off with a brief biographical 
sketch of an important chemist or physicist. In the 
December, 1944, number it is Anders Celsius, with 
whose name the centigrade temperature scale is linked. 
There is also an interesting article on production of 
cottonseed oil, as well as a helpful flowsheet and dia- 
gram of the method of making Buna-S synthetic rubber. 


The November—December number of Shell Progress 
(Shell Oil Company, 50 West 50th St., New York City) 
goes in for air power, with a lead article describing some 
of the work at Wright Field, the enormous research and 
development laboratory for the AAF. 


Some day collectors may place a real value on the 
excellent pictures of wartime medicine published by the 
Abbott Laboratories (North Chicago, Illinois) in 
What's New, to which we have referred before. The 
December number continues the series by Abbott 
artists. 


The winter number of the Interchemical Review 
(Interchemical Corporation, 432 West 45th St., New 
York City) starts with an excellent historical article on 
“The evolution of mills for grinding,’ and follows with 
a more technical, but very understandable one on vis- 
cosity and yield value. 


There are a number of newcomers to our list of 
periodicals received, among which are the following: 

The Beacon (Ohio Oil Company, Findlay, Ohio) 
which, in its November and December numbers, car- 
ried a very good series of two articles on ‘Natural 
gasoline plants,’’ in which the extraction of casinghead 
gas was described, as well as the bearing of this process 
on the production of high-octane gasoline. 


Ethyl News (Ethyl Corporation, 405 Lexington Ave., 
New York City), with an interesting article on ‘‘Oil for 
Europe”’ in its January issue. 


Pure Oil News (Pure Oil Company, Chicago, Illinois), 
the January number of which describes “‘The library at 
Northfield.’’ This article would go rather well with 
those which have been published in THis JOURNAL on 
technical library procedures, for it tells about the im- 
portance of the technical library in a research and de- 
velopment laboratory. It even shows by illustrations 
how to search through the U. S. Patents! 


The Orange Disc (Gulf Oil. Corporation, Gulf Build- 
ing, Pittsburgh 30, Pennsylvania), which carries 
another good description of the work of the aero- 

(Continued on page 147) 
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Dental Amalgam 





A Reaction Involving Measurement of Minute Dimensional Change 


RALPH W. PHILLIPS 


Indiana University School of Dentistry, Indianapolis, Indiana 


INCE the early part of the 19th century, dentists 

have made use of amalgam for filling decayed teeth. 
After years of development and improvement, it still 
ranks high in the list of restorative materials. The 
chemical reactions which occur during and following the 
mixing of the alloy particles (composed of Ag, Sn, Cu, 
Zn) with the Hg have been the subject of a large amount 
of research, with much yet to be done. These are 
peculiar among chemical reactions in several respects. 
They are not only different from the more common 
reactions, but their study requires specialized methods, 
some of which may be applicable to other fields of 
chemistry. 

In most chemical reactions we are primarily con- 
cerned with the end products formed and only second- 
arily with any dimensional change that occurs. It is 
true that sometimes we may observe volume changes 


during a reaction, especially in the study of gases, but 


seldom do we attempt to measure accurately very mi- 
~nute changes. However, in the mixing of Hg with the al- 
loy particles the thing of upmost importance, both to 

wthe dentist and to the chemist, is the accompanying 
.dimensional change. It must be measured, and con- 
trolled, in terms of the micron. The specification as set 
forth by the Research Commission of the American 
Dental Association states that amalgam, 24 hours after 
mixing, must have expanded not less than three and 
not more than thirteen microns per centimeter. Con- 
sequently, in the manufacture of the comminuted alloy 
and during the mixing and packing by the dentist, all 
attention is centered upon the control of this dimen- 
sional change which accompanies the setting of amal- 
gam. Of secondary interest are the end products 
formed. 

The theory governing this specification, which re- 
quires a slight expansion during setting, is based upon 
the higher coefficient of expansion of amalgam than 
that of tooth structure (26 as compared to 11.4 for a 
tooth crown). Consequently, when cold foods are 
taken into the mouth the contraction of the amalgam 


is much greater than that of the tooth. Thus, theo-| 


retically, this would leave a narrow furrow around the 
filling which would permit entrance of bacteria and 
food debris, facilitating recurrence of decay. However, 
it is reasoned that should amalgam expand slightly, 
after packing into the cavity preparation, the elastic 
dentin of the tooth would be compressed and act as a 
cushion to compensate for the differences in coefficients 
of expansion. There are many well-justified arguments 
against this theory that a slight expansion seals the 
cavity, but it is the one upon which the specification 
was based. 





a+ canal . Geka 
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FIGURE 1.—THE INTERFEROMETER, ACCURATE TO 0.1 MICRON 


As stated previously, manufacturers must control 
the composition of the alloy, regulate its manufacture, 
and prescribe a definite mixing procedure so that the 
amalgam during setting will conform to this specifica- 
tion, if their alloy is to be accepted by the American 
Dental Association. Slight variations in the mixing 
technique by the dentist from the one advocated by the 
manufacturer will alter the expansion reactions and 
produce widely varying dimensional changes, as will be 
seen in the following discussion. 

Since the dimensional change is of great importance it 
must be accurately measured. The instrument used 
for this is the differential interferometer, having an 
accuracy of about 0.1 micron (0.000004 inch). The 
instrument functions with a minimum of contacts, 
levers, and adjustments, the measurements being re- 
corded in terms of light waves, the most accurate stand- 
ards of length known to science. 

Figure 1 shows the interferometer and Figure 2 the 
viewing device. The interferometer consists essentially 
of two flat plates, A and B, which are made of fused 
quartz. The top plate, A, is supported by two perma- 
nent pins, C and D, and the amalgam specimen itself, E. 
The interference phenomenon takes place between the 
light reflected from the top surface of plate B and bot- 
tom surface of plate A. The pins C and D are adjusted 
to the same height and specimen E is approximately 
that height, within a few hundredths of a millimeter. 
With the specimen shorter or longer than pins C and D, 
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2.—ViEWING DEVICE WITH Two INTERFEROMETERS. 
SourcE oF LIGHT IS THE HELIUM TUBE, A 


FIGURE 


the wedge-shaped air space between plates A and B 
will produce a line pattern of interference, as shown in 
Figure 3, when monochromatic light is projected on 
these plates by the viewing device, reflected from the 
plates, collected by the viewing device, and passed 
to the eye. The viewing apparatus, as shown in 
Figure 2, is essentially a telescope focused for parallel 
light rays. The source of light is the helium tube, A, 
whose radiation has a wave length of 0.5876 micron. 


sf 


FIGURE 3.—PATTERN OF INTER- 
FERENCE AS SEEN IN THE VIEW- 
ING DEvICcE. DIMENSIONAL 
CHANGE CAN BE COMPUTED FROM 
CHANGE IN FRINGES. ONE 
FRINGE Eguats .5876 MICRONS. 


Whenever the beams of reflected light meet in phase, 
a fringe of light is seen, but when out of phase, they 
annul each other as shown by the dark bands (Figure 
3). Naturally, as the amalgam specimen changes in 
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dimension in any manner, the angle between the plates 
is varied, thus altering the number of fringes observed 
in the viewing device. The fringes between the refer- 
ence lines may be counted at various intervals and the 
change in length computed (in terms of microns per 
centimeter). 

The chemical reactions which govern these dimen- 
sional changes are very complex. The principal re- 
search has been done by Marie Gayler! and A. W. 
Gray.? Although their work has been generally ac- 
cepted, on the whole, there are many pertinent objec- 
tions to their theories, mainly those of Troiano in his 
X-ray studies.* If it is permissible to use a chemical 
equation to represent the production of the various 
phases which occur, it would be: 


7Ag;Sn + 29Hg — 7Ag;Hg, + Sn7vHg 


Unfortunately the reactions which do occur are not 
quite this simple. It might be well to follow the actual 
chemistry as related to the dimensional ‘change. 

The essential component of the alloy particles, and 
the only one which enters into the reaction with the 
Hg, is the Ag;Sn. The first reaction which occurs 
when the alloy is mixed or triturated with the Hg is 
absorption of Hg by the Ag;Sn particles, forming a 
solid solution on the surface. This is designated as the 
6: phase. Simultaneously a tin-mercury phase, in 
small proportions, separates out in the solid solution, 
it being designated as yz. The probable chemical 
formula of this is the Sn7Hg or Sn;sHg. Thus the 
initial reaction may be represented as: 


Ag:Sn + Hg > 6: + v2 + AgsSn (unattacked). 


Due to the reduction in total volume by the absorp- 
tion of the Hg, this reaction is accompanied by a slight 
contraction of 2 to 4 microns. This occurs mainly 
during the trituration and packing of the amalgam 
into the tooth cavity. In Figure 4 there are plotted 
expansion curves of an alloy under three different 
methods of mixing. In curve one, where the alloy is 
mixed exactly by the manufacturer’s directions, this 
initial contraction can be seen at point A. 

The next reaction which ideally should occur immedi- 
ately after condensation in the prepared cavity is 


AgsSn + 6: + v2 > Ai +m + 72 


The 7; is the intermetallic compound Ag;Hg:, or pos- 
sibly AgsHgs. This is accompanied by an expansion 
of the amalgam, as shown in part B of curve 1. It is 
proposed by Troiano® that this expansion be explained 
as the dendritic growth of the phase from the melt, 
with the subsequent production of voids. Part C of 
this curve may be attributed to a second slight contrac- 
tion caused by an additional solution reaction of the 
remaining Hg with the Ag;Sn. hese reactions are 

1 Gaver, M. L. V., ‘‘Dental amalgams,’’ Jour. Inst. Metals, 
60, 407-24 (1937). 

2 Gray, A. W., “‘Volume changes in amalgams,” ibid., 29, 1389- 
89 (1923). 

3 Trorano, A. R., “An X-ray study of dental amalgams,”’ 
ibid., 63, 247 (August, 1938). 
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accompanied, of course, by a hardening of the amal- 
gam to an average Brinell Hardness Number of around 
50. 

Curves 2 and 3 on the graph in Figure 4 illustrate 
the wide variations in the dimensional change which 
occur by using two different mixing techniques. This 
change can be explained by alterations in the previously 
described reactions. Time will not be taken for this 
discussion but it will suffice to point out that very slight 
variations in the mixing technique will produce dimen- 
sional changes that fail to pass the specification of 3 to 
13 microns. Briefly, it can be summarized as follows: 
A slight under-amalgamation reduces the formation 
of the #; phase, resulting in a high expansion, as seen in 
curve 2. An over-amalgamation reduces the tendency 
to form 1, increases the §;, and therefore causes an 
actual contraction at the end of 24 hours, as shown by 
curve 3. The chemical reactions are thus extremely 
sensitive and strict adherence must be paid to the 
method of mixing if the resulting restoration is to have 
the desired amount of expansion. 

When studying these reactions, one notices still an- 
other thing which makes amalgam unique. In the 
first part of the setting reaction we have a liquid react- 
ing with a solid and later a reaction of a solid with a 
solid, all occurring at room temperature. Not often 


A Semimnicro Scheme 


AMALGAM NO. 2. 
CURVE NOI SHOWS 
REACTION Ww 
MANUFACTURERS 
DIRECTIONS ARE 
FOLLOWED. 

CURVE NO 2 SHOWS 
REACTION WHEN 
Al LOY WAS UNDER- 
AMALGAMATED. 
CURVE NO 3 SHOW 
‘NM 

THREE MINUTES. 


TIME IN HUNDRED MINUTES—> 


FIGURE 4.—DIMENSIONAL CHANGE VARIATIONS CAUSED BY 
SLIGHT VARIATIONS IN THE MIXING TECHNIQUE 


do we find nonaqueous materials, especially metallic 
compounds, having solid-solid reactions at room tem- 
perature. 

It is hoped that this brief discussion of amalgam 
may prove not only interesting but possibly beneficial 
to others who are accurately measuring small dimen- 
sional changes associated with chemical reactions. 


of Qualitative Analysis for the Cations 


Without the Use of Hydrogen Sulfide 


J. T. DOBBINS and E. S. GILREATH 
University of North Carolina, Chapel Hill, North Carolina 


HE first edition of the Fresenius “Qualitative 

Analysis’ was published in 1840. This scheme, al- 
though modified and improved by subsequent investi- 
gators, has remained the standard procedure for the 
analysis. of the cations until the present time. The 
greatest objection to the use of hydrogen sulfide in 
qualitative analysis is the poisonous nature of the gas 
when improperly used. The production and use of 
hydrogen sulfide, by any method, also limits the rapid- 
ity of the analysis. The slowness of the hydrogen sul- 
fide scheme not only greatly reduces the number of the 
student’s laboratory operations, but necessarily cuts 
down the scope of the accompanying lectures. As early 
as 1842 attempts were made to replace hydrogen sulfide 
with less objectionable precipitating reagents. From 
that date until the present, at least 50 nonhydrogen- 
sulfide schemes have been developed. 

In spite of the many undesirable features of the 
Fresenius separation of the cations, the proponents of 
nonhydrogen-sulfide schemes have not produced a satis- 
factory substitute during the period of over a hundred 


years. An examination of solubility tables for possible 
precipitating anions other than the sulfide ion, leads to 
the conclusion that the difference in the solubility prod- 
ucts of any other anion is not sufficient to give complete 
and clear-cut separations. With the experience of past 
investigators as a guide, the develépment of a non- 
hydrogen-sulfide scheme must involve an entirely new 
approach. Such an approach has been achieved by not 
only controlling precipitation by differences in solubility 
products, but by combining this principle with control 
of concentration of cations through instability constants 
of complex compounds. Using the phosphate ion as 
a precipitating agent, and lactic acid as a complexing 
agent, two phosphate groups have been separated com- 
pletely; one group of cations being precipitated in acid 
solution and the other precipitated in alkaline solution. 
A third group is precipitated as the insoluble pyridine- 
thiocyanate complexes. 

Briefly the scheme divides the common cations into 
five groups: 

Group I is composed of those cations whose chlorides 
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are insoluble in dilute acids. These are silver, mer- 
curous mercury, and lead. 

Group II is composed of those cations whose phos- 
phates are precipitated in a solution containing mono- 
basic ammonium phosphate and lactic acid. These 
cations are lead, bismuth, iron, and chromium... Tin 
precipitates in this group as the insoluble beta stannic 
acid. 

Group III is composed of those cations whose phos- 
phates are insoluble in a solution made alkaline with 
ammonium hydroxide and containing the lactate ion. 
This group includes aluminum, manganese, barium, 
strontium, calcium, and magnesium. 

Group IV is composed of those cations which form 
insoluble pyridine-thiocyanate complexes in very dilute 
acetic acid. These ions are copper, zinc, nickel, cobalt, 
and cadmium. 

Group V is composed of those cations which do not 
precipitate under any of the conditions given for the 
precipitation of the first four groups. These ions are 
mercury, antimony, arsenic, sodium, potassium, and 
ammonium. 

The precipitation of the cations of Group II depends 
upon the very small solubility product constants of 
their phosphates; this fact makes these precipitates 
insoluble in a solution whose pH is slightly less than 
four. The pH of a solution containing a mixture of 
monobasic ammonium phosphate and lactic acid gives 
the correct acidity for precipitating the cations of this 
group completely. Copper, nickel, and to some extent 
cobalt will normally precipitate as phosphates at the 
pH of this solution. Here, lactic acid performs two 
functions. It serves to hold zinc, aluminum, and man- 
ganese in solution by an increase in hydrogen ion con- 
centration, and it prevents the precipitation of copper, 
nickel, and cobalt by the formation of stable soluble 
complexes. Normally antimony and mercury would 
precipitate to some extent in a solution of this hydrogen 
ion concentration, but both of these ions are complexed 
sufficiently so that they pass entirely through the 
scheme and appear in Group V. 

The laboratory procedure for the precipitation of 
Group II calls for a digestion of the precipitate. This 
digestion serves a multiple purpose. The blue salts 
of chromium must be converted into the green salts 
before precipitation of chromium phosphate is accom- 
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plished. The digestion of this precipitate also serves 
to decrease the adsorption of unwanted ions, since the 
trivalent ions of this group are prone to adsorb bi- 
valent ions. 

A thorough digestion of the Group III precipitate is 
also necessary. Aluminum complexes with the lactate 
ion in an alkaline solution, but this complex is not very 
stable and is broken down completely when heated 
strongly in a water bath. The presence of an excess of 
ammonia and the lactate ion holds the cations of Groups 
IV and V in solution. However, zinc apparently does 
not complex with the lactate ion, but is held in solution 
as the complex Zn(NH3)4++. It is advisable to keep the 
solution strongly ammoniacal during the period of di- 
gestion. 

Before precipitating Group IV, the centrifugate from 
Group III should have been heated a sufficient time to 
drive off the excess ammonia. If the ammonia is not 
driven off it will have to be neutralized with acetic acid, 
which increases the total dissolved solids in solution. 
It has been observed that zinc ammonium phosphate 
tends to remain in a supersaturated condition in the 
presence of a high concentration of solids in solution. 
Under such conditions it is difficult to precipitate zinc 
either as the zinc ammonium phosphate or as the zinc 
pyridine-thiocyanate complex. 

Very careful control of the hydrogen ion concentra- 
tion during the precipitation of Group IV is necessary. 
The pyridine-thiocyanate precipitates are soluble in an 
ammoniacal solution, and with the exception of copper, 
they are all soluble in acetic acid. However, the pre- 
cipitating reagent mixture of pyridine and ammonium 
thiocyanate contains an excess of pyridine, thus per- 
mitting complete precipitation of these cations in a 
very dilute acetic acid solution. 

Since this investigation did not attempt to change the 
standard procedure of removing the cations of Group I 
with the chloride ion, no experimental work was done in 
connection with this group. In order to make the 
present scheme complete, the procedure for the analysis 
of Group I may be taken verbatim from Dobbins 
“Semi-Micro Qualitative Analysis,” John Wiley and 
Sons, New York, 1948, page 272. The following 
scheme assumes that one begins with the solution of 
cations after the removal of silver, lead, and mercurous 
ions, by the conventional method. 


ANALYSIS OF GROUP II CATIONS 





Procedure 3. Precipitation of Group II Cations. 
Heat in water bath for three minutes. 


To the centrifugate from Group I (Procedure 1) add one drop of conc. HNO;. 
Add NH,OH until the solution is barely alkaline, then add 3 N HCI dropwise until the solu- 


tion is barely acid. To this solution, which should have a volume of approximately 1 ml., add 3 drops of 25 per cent lactic acid and 


8 drops of 1 M NHiH2PQ,. 


Heat in boiling water bath for at least fiv2 minutes. 


Centrifuge. Wash.once with five drops of water. 


Add washings to centrifugate. Preserve centrifugate for Group III (Procedure 6). Analyze precipitate according to Procedures 4 


and 5. 





Procedure 4. Solution of Group II Precipitate. 
not more than four drops. 


Dissolve the precipitate from Procedure 3 in the least amount of conc. HCI, using 
Warm to effect solution if necessary, then add five drops of water. 





Procedure 5. Analysis of Group II Solution. 
Identification of Tin. 


To 2 drops of the solution from Procedure 4, add 5 drops of 3 N HCl and a piece of Mg ribbon 1 cm. long. 


Allow to stand until the Mg is completely dissolved. Moisten a piece of filter paper with three drops of phosphomolybdic acid. 


On this moistened filter paper place two drops of the reduced solution. 


The formation of a*deep blue color shows the presence of 


TIN. (The presence of ferrous iron will produce a very faint bluish green color, which should not be mistaken for the tin test.) 
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Separation of Lead. To the remainder of the solution from Procedure 4 add 6 N KOH until the solution is alkaline, and then four 


drops in excess. Place in a boiling water bath and heat for three minutes. 


Add one drop of saturated NH,Cl and heat for one more 


minute. Centrifuge. (When chromium occurs alone, additional heating may be necessary to get proper precipitation.) 





Centrifugate may contain PbO2~~. 
| Add 6 N trichloroacetic acid until 
| solution is barely acid, and then 

two drops in excess. Add three 
| drops of 1 N K2CrOQy, The forma- 

tion of a yellow precipitate shows 


Residue may be the hydroxides of Fe, Bi, and Cr. 


portions. 


Dissolve in 3 N HCl and dilute to 1 mi. 


Divide into two 





First Portion: Add 5 to 10 
drops of cinchonine-KI re- 
agent. An orange-colored 
precipitate shows the pres- 


Second Portion: Make ammoniacal with conc. NHsOH and add six drops of H20:2. 
Warm gently at first, then heat in hot water bath for five minutes. 


Centrifuge. 





Precipitate may be ferric hydroxide. 
Dissolve in 3 N HCl and add one 


Centrifugate. Ifthe solution is colored yellow 
it contains CrO,~~. Place three drops on fil- 


| the presence of LEAD. 
| ence of BISMUTH. 
ter paper and add in immediate succession 


two drops of H:O: and two drops of benzidine. 
The formation of a blue color shows the pres- 
ence of CHROMIUM. 


drop of NHiCNS. The formation 
of a wine red color shows the pres- 
ence of IRON. 

















ANALYSIS OF GROUP III CATIONS 





Procedure 6. Precipitation of Group III Cations. Make the centrifugate from Group II (Procedure 3) strongly ammoniacal with 
conc. NH,OH. Heat in boiling water bath for three minutes. Add a drop of conc. NH,OH at intervals during digestion to keep the 
solution strongly ammoniacal. Centrifuge while hot. Wash precipitate with a mixture of three drops of water and three drops of 
3.NV NH,OH. Add washings to centrifugate. Place the centrifugate in hot water bath to drive off excess NH; and to reduce the vol- 
ume before precipitation of group IV (Procedure 9). Analyze the precipitate according to Procedure 7. 

Procedure 7. Separation and Identification of Aluminum, Manganese, and Barium. Add 4 drops of 6 N KOH and 10 drops of 
H2O; to the precipitate from Procedure 6. Stir thoroughly and warm gently for one minute. After oxidation of Mn is complete, heat 
strongly in water bath for at least five minutes to destroy excess H,O2. Cool and centrifuge. 








Residue may be MnO: and the phosphates of Ba, Sr, Ca, and Mg. Add five drops of water and 


| Centrifugate may contain AlO2~. Make barely 
five drops of 3 N HNOs. Heat for one minute and centrifuge. 


| acid with 3 N HCl and add 2 drops of Alizarin Red 

| S. Add3 N NH,OH until a permanent wine-violet 

| color is formed. Heat in water bath for one min- 

; ute. Cool, and add 3 N HAc until the solution is 
acid. Centrifuge. The formation of a pronounced 
red gelatinous precipitate shows the presence of 
ALUMINUM. 





Centrifugate may contain phosphates of Ba, Ca, Sr, and Mg. 
Add NH,OH until the solution is alkaline and then conc. HAc 
until the solution is strongly acid. Add three drops of 1 N 
K2CrO.. Allow to stand for one minute and centrifuge. 


Residue may be MnOz. Add one 
drop of 6 N KOH and five drops 
of water. Shake, and add three 
drops of benzidine. The forma- 
tion of a blue color shows the 
presence of MANGANESE. 





Centrifugate may contain 
strontium, calcium, and mag- 
nesium. Reserve for Proce- 
dure 


Precipitate may be BaCrO, in- 
dicating the presence of BAR- 
tum. Confirm with flame test. 














Procedure 8. Identification of Strontium, Calcium, and Magnesium. Make the solution from Procedure 7 alkaline with 3 N 
NH,OH and centrifuge. Discard the centrifugate. Wash the precipitate consisting of the phosphates of Sr, Ca, and Mg with five 
drops of HO and one drop of NH,OH and discard washings. Dissolve the precipitate in the least amount of 3 N HAc, and add an 
equal volume of water. Add four drops of 2 N (NH,)2SO,, and allow to stand three minutes. Test for complete precipitation and: 


centrifuge. 





Precipitate may be | Centrifugate may contain Ca and Mg. Addtwodropsof 5 M citric acid and two drops of 0.5 N ammonium oxalate, and centrifuge. 


| SrSOx indicating the 
presence of STRONT- 

| tum. Confirm with 
flame test. 





Centrifugate may contain Mg. Using one-half of the centrifugate, add an equal volume of 6 N 
KOH and three drops of para-nitrobenzeneazo-alpha-naphthol. Heat in water bath for three 
minutes, then centrifuge. The formation of a bluish green precipitate shows the presence of MAG- 
NESIUM. 


Precipitate may be CaC2.O, 
indicating the presence of 
CALCIUM. Confirm with 
flame test 








ANALYSIS OF GROUP IV CATIONS 





Procedure 9. Precipitation of Group IV Cations. Add 3 N HAc to the centrifugate from Group III (Procedure 6) until it is barely 


acid. If the solution is warm, cool under tap water, and then add five drops of pyridine-NH,CNS reagent. Shake thoroughly and 
allow to stand two minutes, then centrifuge. Preserve the centrifugate for Group V (Procedure 11). Analyze the precipitate accord- 
ing to Procedure 10. Ss 

Procedure 10. Separation and Identification of Cations of GroupIV. Tc the precipitate from Procedure 9 add five drops of water 
and five drops of conc. HAc. Shake well, and then centrifuge. 








| Residue: 


residue indicates 
copper. Add one 
| drop of conc. HCl. 


Centrifugate may contain the pyridine-thiocyanate complexes of Zn, Ni, Co,and Cd. Add6 N KOH until the solution is alkaline, 


A green 
and then 4 drops in excess. Heat in a water bath for three minutes, then centrifuge. 





Centrifugate may contain | Precipitate may be hydroxides of Ni, Co, and Cd. Dissolve with 3 N HCl and dilute to a volume of 


| offcoprer. 


A green residue 
turning black con- 
firms the presence 





HZnO2-. Make barely 
acid with HAc. Add two 
drops of pyridine-NHiCNS 
reagent and one drop of 
Rhodamine B. Shake well. 
The formation of a pink 
precipitate shows the pres- 
ence of ZINC. 


1 ml. 


Divide into three portions. 








First Portion: Make am- 
moniacal and add two 
drops of dimethylglyox- 
ime. The formation of a 
red precipitate shows the 
presence of NICKEL. 


& 





Second Portion: Add five 
drops of saturated am- 
monium thiocyanate. 
The formation of a blue 
color shows the presence 
of COBALT. 


Third Portion: Add 1 N KCN until solution 
is decolorized and any precipitate that may 
have formed is dissolved. Add 5 drops of 6 N 
KOH, 2 drops of ‘‘cadion’’ reagent! and 6 to 
10 drops of formaldehyde. Centrifuge. The 
separation of a red precipitate shows the 
presence of CADMIUM. 











10.2 g. p-nitrodiazoaminoazob 





in 1 liter 95 per cent alcohol, to which are added 10 ml. 2 N KOH. 
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: ANALYSIS OF GROUP V CATIONS 















Procedure 11. Separation and Identification of Cations of Group V. Divide the centrifugate from Group IV (Procedure 9) into 
two portions and analyze as follows: 
First Portion: Add four drops of 3 N H2SO, to this portion in a small crucible and evaporate to dryness. Continue to heat just 
below red heat until fumes cease to be evolved. Cool the residue, add one drop of water, and make flame tests for soprumM and PoTas- 
; SIUM. 
i Second Portion: Place the solution in an evaporating dish and suspend over a beaker of boiling water. Add conc. HNO; drop- 
wise into the hot solution until brown fumes cease to come off. Evaporate the solution until practically dry. Add five drops of 3 N 
HNO; to the residue and stir thoroughty. Centrifuge to obtain three drops of clear centrifugate. 


















































































































Centrifugate may contain mercuric nitrate and | Residue may be Sb2Os mixed with solution containing some arsenic acid. Dissolve by stirring in : wh 
j some arsenic acid. Add three drops of diphenyl- | six drops of conc. HCl. Divide into two portions. al 
e carbazide, and almost neutralize the solution by | 
adding dropwise a saturated solution of K2CO;. If | First Portion: Place one drop of portion on | Second Portion: Place two drops of this portion in a| ger 
4 MERCURY is present the foam will be tinged with a | spot plate. Add 0.05 g. of NaNO. After centrifuge tube and add one drop of saturated potas-| cut 
deep blue color, and if the precipitate formed is held | thenitrite has been completely decomposed, | sium iodide. Then add one-half tothree-fourths of a F 
before a light it will appear bluish violet in color. | add two drops of Rhodamine B. A purple | milliliter of conc. HCl. The formation of an orange tio: 
color shows the presence of ANTIMONY. colored precipitate shows the presence of ARSENIC. | vis 
. Procedure 12. Test for the Ammonium Ion. Place two drops of the original material in a small test tube, and make the solution me 
N alkaline with 6 N KOH. Hold a piece of moistened red litmus paper over the mouth of the tube while the solution is warmed. Be div 
4 careful not to allow the litmus paper to come in contact with the tube. An even shading of the paper from red to blue shows the pres- tior 
‘ ence of the AMMONIUM ION. of 
in 1 
par 
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A 1,1,1-Trichloro-2,2-bis(p-chlorophenyl) ethane was After the crystals have formed, the sulfuric acid is che: 
i originally prepared by Zeidler (1) in 1874. The com- removed by filtering through a fritted glass filter. The ste 
pound was practically forgotten until a half century crystals are washed with water to remove sulfuric acid A 
} later when it was discovered to have insecticidal proper- and then recrystallized from an alcohol-ether mixture re: 
i ties. In 1942, Brand and Busse-Sundermann (2) pre- containing 25 percentether. The melting point of the ple 
i ‘pared this compound, a number of related compounds, compound is 105°C. The compound decomposes of a 
' and their reduction products. They, also, deter- aboveits melting point. oe 
; mined the absorption spectra of some of these com- The compound can also be prepared by heating a beet 
: pounds. The use of the compound as an insecticide mixture of 16.65 g. of chloral hydrate, 22.5 g. of chloro- = 
} ash created a new interest in the preparation, insecti- benzene, and 200 ml. of sulfuric acid in an oil bath, ae 
u cidal value, and the toxicity of the compound. This keeping the mixture agitated with a heavy-duty me- Pm 
: article deals with the preparation. chanical stirrer. The heating is continued for 8 to 10 ae: 
The compound can be prepared by heating under a hours and the temperature must not exceed 105°C. h R 
reflux condenser to 122°C., a mixture of 16.65 g. of This method has two advantages in that the reflux con- a 
‘ chloral hydrate, 22.5 g. of chlorobenzene, and 200 ml. denser can be eliminated and after the temperature ent 
: of concentrated sulfuric acid, shaking vigorously every becomes constant very little attention is required. va . 
YW 10 minutes until the two layers disappear—about After the mixture has cooled somewhat, it is poured “ 
2'/, to 3 hours. After the two layers disappear the into a large volume of cold water, stirred thoroughly, entif 
: mixture is allowed to stand 12 to 24 hours until crys- and allowed to cool. —— 
a tals form. The equations for the reaction are: The mass is washed several times with water to re- ural 
j H.SO, move sulfuric acid. The product can be purified by : : 
i CCl,CH (OH): ———> CCLCHO + H:0 recrystallizing from an alcohol-ether mixture. — 
a Gq The compound is very soluble in esters, halogen ine 
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t g ] \ moderately soluble in kerosene and slightly soluble indi 
: cl in water. " 
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What is a Chemist and a Chemical Engineer 


ALBERT L. ELDER 
Corn Products Refining Company, Argo, Illinois 


E approach this question as we would a Chinese 

box, where a large box encloses a smaller box, 
which in turn encloses a smaller box, and so on ad 
infinitum. We can define a chemist as a species in the 
genus called scientist. A scientist is merely one who is 
curious in an organized fashion. The mark of distinc- 
tion of the species chemist is his curiosity about a di- 
vision of science which deals with the composition of 
matter and the changes taking place therein. This 
division of science is called chemistry and its defini- 
tion is properly broad, because in almost every branch 
of science some chemistry is involved. Chemistry, 
in turn, may be subdivided into subspecies relating to 
particular aspects of the larger subject; for instance, 
inorganic, organic, physical, analytical, and biological. 
These groups vary to some extent one from the other, 
but all have many attributes in common, and it is the 
common attributes that form the basis of this definition. 
Whatever is said about a chemist applies to the chem- 
ical engineer as well. Certain personal factors are of 
lesser or greater importance in the engineer than in the 
chemist, and these generally, though perhaps uncon- 
sciously, result in the choice made. 

A chemist, as any other scientist, may be considered 
from at least three points of view: his aptitude, his 
training, and his professional standing. The aptitude 
of any man for his work is an evaluation of his probable 
success in a chosen field. Aptitude involves considera- 
tion of certain fundamental factors of which the most 
important are: native ability, liking for the field, or 
enthusiasm, and an intangible combination of certain 
personality factors which frequently become important 
enough to weight the scales pro or con. 

Regarding native ability, a man has it or he does not 
have it. Usually any pronounced ability along sci- 
entific lines becomes evident early in life, and education 
is a development of this ability. The recognition of 
such ability is usually not difficult. A person of sci- 
entific ability is most often mechanically minded, pos- 
sesses insatiable curiosity, particularly regarding nat- 
ural phenomena, and displays a good deal of persistence 
in trying to learn the ‘“‘why”’ of everything. Aptitude 
tests, dexterity tests, and personality tests perfected 
in recent years, serve to simplify this matter of detect- 
ing native ability. It is possible that a child may show 
no promise along scientific lines, yet aptitude tests may 
indicate a great native talent in this direction. Fur- 
ther training usually brings this out. While such tests 
are useful in many cases where native talent is divided 
or not very strong in any field, they must not be relied 
upon as a positive criterion of success. The liking and 


1 Paper presented at the Third National Chemical Exposition, 
Chicago, Illinois, November. 18, 1944. 


enthusiasm for the chosen field must be considered 
also. On the surface this seems to be a minor factor, 
yet there have been instances where a man’s interests 
were many and covered a wide range. Aptitude tests 
may show equal and high ability in any one of several 
fields, such as music, engineering, or salesmanship. 
In making a choice between three such fields, a man’s 
liking for a subject will probably be the determining 
factor, although chances for success in any of them on 
a pure ability basis are approximately equal. In this 
case, he would probably choose one as a vocation, re- 
taining the other two as avocations. There are many 
chemists who are equally adept in several lines, but 
they have chosen chemistry as their major field. 

Sir Humphrey Davy once said, ‘“The task of an in- 
vestigator requires for his success the toughness of a 
soldier, the temper of a saint, and the training of a 
scholar.” Among the personality factors involved in 
determining aptitude for chemistry are persistency, 
practicality, curiosity, imagination, observation, and 
honesty. Some of these can be cultivated, others are 
native. Of these traits, the chemist must possess 
especially adaptability, imagination, and observation. 
The chemical engineer must have more practicality 
than a chemist, although ordinary good sense cannot be 
dispensed with in the chemist. 

Numerous articles and books have been written with 
the purpose of stimulating and interesting people in 
chemistry. The little 128-page book by Herbert 
Coith (McGraw-Hill Book Company), entitled ‘‘So 
You Want to Be a Chemist’’; ‘Industrial Research” 
by F. Russel Bichowsky (Chemical Publishing Com- 
pany); “Without Fame”’ by Otto Eisenschiml (Alliance 
Book Corporation); ‘“‘A Treasury of Science” edited 
by Harlow Shapley, e¢ al. (Harper Brothers); and 
“Crucibles” by Bernard Jaffe (Tudor Publishing Com- 
pany), are among the more recent books in the field. 

The average man of the street can' name for you a 
well-known crooner, movie star, conductor of music, 
lawyer, or physician. But try asking him to name just 
one chemist or chemical engineer who is making an im- 
portant contribution to the war effort. As William 
James said, ‘“‘The deepest principle of human nature is 
the craving to be appreciated.’’ In general chemists 
and chemical engineers are looked upon as tools— 
magicians who are expected to pull the unexpected and 
desired out of a hat-on a minute’s notice. 

If you wished to become an artist you would not only 
study the works of famous artists but also the lives of 
these men. The young chemist or chemical engineer 
would be well advised to do likewise. Select some fam- 
ous chemists and chemical engineers and find out how 
they got that way. Many people consider the chem- 
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ists and chemical engineers to be slightly crazy. Per- 
haps they are right, for Willard H. Dow of Dow Chem- 
ical Company has stated: ‘“We have learned that if a 
research laboratory is to produce results, the men must 
be allowed to be a bit crazy. If we were to control 
closely, we would miss the great idea that is found only 
by those with the courage to be crazy.” 

In 1920 Dr. Ross A. Baker published in the Syracuse 
Chemist an article on ‘‘The future chemist—Ch.B., 
Ch.M., Ch.D.,” and I quote from his article: 


“Some of us who fail to blush when our bottle-washers, 
stockroom helpers, and titration machines style themselves 
‘chemists,’ would be quick to challenge a) physician’s chauffeur 
who posed as a doctor, or a legal clerk who registered as a lawyer. 
Yet our own indifference is largely responsible for the fact that 
the term ‘chemist’ does not carry more distinction.” 


Never were his statements truer than at the present 
time. As one man said, we are now hiring as chemical 
engineers “‘any pipe fitter who can read and write’ 
and as chemists ‘‘anyone who can just write his name.” 
Some people believe that licensing of chemists is es- 
sential. The medical profession was full of quacks 
until examinations were required. 

The War Manpower Commission, through its Na- 
tional Roster of Scientific and Specialized Personnel, 
has prepared vocational monographs entitled ‘“‘Chem- 
istry’’ and ‘‘Chemical Engineering.’”” They should be off 
the press in the near future. These monographs ap- 
parently were written as a guide to men in the Armed 
Services who desire to begin or renew their acquaint- 
anceship with the chemical field. The information is 
equally applicable to anyone desirous of obtaining in- 
formation regarding chemistry and chemical engineer- 
ing. The leaflets cover such topics as: what is chem- 
istry?, the beginning and development of chemistry, 
how chemistry is applied, the growth of the chemical 
industry, the professional chemist, breadth and scope 
of the chemical profession, size and growth of the chem- 
ical profession, where chemists and chemical engineers 
are employed, and qualifications of chemists and chem- 
ical engineers. 

The qualifications are listed under three headings: 
physical, mental, and character. Physically a chemist 
should have average health and muscular strength, 
manual dexterity, neatness, orderliness and ability to 
plan work in a systematic fashion, good eyesight, and 
the ability to distinguish color. He should have men- 
tal alertness to note minor variations, a constant spirit 
of inquiry, ability to use scientific literature with judg- 
ment and discrimination, originality in the develop- 
ment of new ideas, and the facility to use mathematics 
and physics. He should have infinite patience, ab- 
solute honesty of observation, thought and judgment, 
be interested in science, willing to cooperate, and ready 
to accept responsibility. The chemical engineer should 
have average health and strength and be able to per- 
form the tasks of an average plant laborer. He may 
not be able to do the work of a skilled machinist, pipe 
fitter, or electrician but he should be able to pack a 
valve, open or close a filter press, handle the controls 








JouRNAL oF CHEMICAL EDUCATION 





of an elevator, or operate a chain hoist. He should 
have good eyesight. Mentally he should have the 
ability to think clearly, logically, and practically, be 
unwilling to make changes until it has been clearly 
proved that they are practical and necessary, have the 
ability to use data prepared by others, have originality 
in the development of new ideas and ingenuity and in- 
ventiveness in overcoming operating difficulties, and 
have facility in the use of mathematics and physics. 
The character prerequisites are identical with those of 
the chemist. * 

On April 1, 1944, the War Manpower Commission 
had on its National Roster of Scientific and Specialized 
Personnel 85,000 chemists and .20,000 chemical en- 
gineers. Practically all of these are now engaged in 
industry, teaching, and government work and very few 
new registrants are being produced as a result of gradua- 
tions from our colleges and universities. 

The definition of a chemist as adopted by the council 
of the American Chemical Society, April 3, 1944, and 
published on page 613, April 25, 1944, of Chemical and 
Engineering News is as follows: 


‘‘A chemist is one properly versed in the science that treats of 
the composition of substances and the transformations they 
undergo. 

“Both education and experience are essential to the qualifica- 
tions of a chemist and in order that the meaning of the word 
‘properly’ shall be adequately determinable, the following speci- 
fications shall apply in respect of that word’s relationship to the 
qualifications of a chemist. 


‘‘(a) Any person who has completed the requirements for a 
degree in chemistry or chemical engineering, and is engaged 
in the field of chemistry in gaining experience, shall be deemed 
to be properly qualified as a chemical interne. Such a chem- 
ical interne in the course of his professional work may of neces- 
sity be required to engage upon and learn many operations of a 
purely technical or nonprofessional nature the better to fit 
himself for more advanced work in the field of chemistry. 

“*(b) Any person who has completed the requirements for a 
degree in chemistry or chemical engineering and has been cer- 
tified to have completed the minimum requirements for profes- 
sional acceptance by an educational institution approved by the 
‘American Chemical Society,’ and who has had two years of 
experience in professional chemical or chemical engineering 
work or two years of graduatestudy in chemistry or chemical 
engineering, shall be deemed to be properly qualified as a 
chemist. 

“‘(c) Any other person who has completed the require- 
ments for a degree in chemistry or chemical engineering, and 
who, in addition, has worked for a period of five years in pro- 
fessional chemical or chemical engineering work, shall be 
deemed to be properly qualified as a chemist. 

“(d) Any person who by accomplishment is recognized 
generally in the chemical profession as being particularly well 
versed—that is to say, a specialist—in one or more branches 
of chemistry or chemical engineering, shall be deemed to be 
properly qualified as a chemist.” 


In reply to this in the May, 1944, issue of The 
Chemist M. L. Crossley, Director of Research of Amer- 
ican Cyanamid Company states: 

“The Chemist is a person qualified to ascertain the facts of 


chemistry and to interpret them with usefulness and distinc- 
tion.” 


As a basis for discussion, he proposes that the above 
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definition be accepted and the following conditions 
be prescribed for one to qualify as a chemist. 


“1. Educational requirement: Certification by a college of 
high standing that the person has completed satisfactorily the 
requirements for a bachelor’s degree, the courses leading to 
which shall have included not less than 40 per cent of studies in 
the humanities and 60 per cent of chemistry and related 
sciences. In addition one year of postgraduate study, not 
less than 75 per cent of which is chemistry or chemical en- 
gineering. This educational requirement may be waived where 
accomplishment in the profession proves a person to have its 
equivalent. The acceptance of evidence that one has met the 
educational requirements for the profession admits him to the 
rank of junior chemist. 

“2. Experience: A minimum of two years of continued ex- 
perience in chemistry or chemical engineering may qualify a 
junior chemist for consideration of his acceptance as a chemist. 
This request may also be met by two years of graduate study 
in chemistry or chemical engineering. The experience must 
inoculate the young chemist with the virus of practicability 
without immunizing him against original thinking. 

“3. The junior chemist, having met the minimum ex- 
perience requirement must provide affidavits from five re- 
sponsible chemists, in a position to know of his work, that in 
their judgment he qualifies for the profession. 

‘4, Having demonstrated that he has met the above re- 
quirements, the chemist shall receive a certificate of his ad- 
mission to the profession as a chemist.” 


The original definition of chemical engineering was 
that written by Dr. Arthur D. Little in 1922 and is as 
follows: 


“Chemical engineering, as distinguisked from the aggregate 
number of subjects comprised in courses of that name, is not a 
composite of chemistry and mechanical and civil engineering, 
but is itself a branch of engineering, the basis of which is those 
unit operations which in their proper sequence and coordina- 
tion constitute a chemical process as conducted on the industrial 
scale.” 


In 1935 the American Institute of Chemical Engi- 
neers redefined chemical engineering in more positive 
terms as follows: 


“Chemical engineering is that branch of engineering con- 
cerned with the development and application of manufacturing 
processes in which chemical or certain physical changes of ma- 
terials are involved. These processes may usually be re- 
solved into a coordinated series of unit physical operations and 
unit chemical processes. The work of the chemical engineer 
is concerned primarily with the design, construction, and 
operation of equipment and plants in which these unit opera- 
tions and processes are applied. Chemistry, physics, and 
mathematics are the underlying sciences of chemical en- 
gineering, and economics its guide in practice.’’? 


Chemical engineering, as a clear-cut field, was an out- 
growth of the first World War. The Massachusetts 
Institute of Technology was an early leader in recogniz- 
ing the field of chemical engineering. A chemical en- 
gineer should be in charge of the design and installa- 
tion and should supervise a plant manufacturing chem- 
icals and allied products. It. is common practice to 
divide chemical engineering into unit processes or chem- 
ical changes and unit operations or physical changes. 


‘ 
2 NEWMAN, quoting KIirRKPATRICK, “‘Development of chemical 
engineering education,” Supplement to Trans. Am. Inst. Chem. 
Engrs. 34, No. 3a, 5 (July 25, 1938); see also zbid., 32, 568 (1936). 
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A well-trained chemical engineer has a thorough grasp 
of both. 

In any unit process the chemical engineer must under- 
stand the basic chemistry of the reaction, recognize 
the limitation of the equipment to be used in the opera- 
tion, and be able to determine the cost of the process. 
In the early days unit operations were very few and 
included combustion, neutralization, causticization, 
and calcination. Many unit operations such as alkyla- 
tion, isomerization, high pressure hydrogenation, and 
diazotization are of more recent origin. 

Physical changes are involved in unit operations. 
Many of these are much older than unit processes. 
Among the important unit operations are drying, evap- 
oration, distillation, gas absorption, filtration, and heat 
transfer. 

The chemical engineer must be capable of deter- 
mining both material and energy balances. Every 
chemical which goes into a process must be accounted 
for as product, by-product, or loss to the atmosphere 
or sewer. The success of a process often depends upon 
a high yield of primary product. 

Swedish chemical engineers are probably more con- 
scious of energy balances than those of any other na- 
tion because their most important source of fuel is 
wood. Every chemical engineer who has approved the 
design of a plant should ask himself the question: 
“What per cent of my salary is represented each year 
by saving 5 per cent of the energy required to operate 
the process?’ Such a calculation has made many a 
chemical engineer spend extra time in redesigning his 
plant. 

The chemical engineer may find a position in develop- 
ment, research, design, plant production, sales and 
sales development, management, consulting, or teach- 
ing. 

Although very few women have been attracted to 
the field of chemical engineering, a large number of 
women take courses of chemistry in the colleges and 
universities and many are now employed in research 
and control work in the United States. Very few women 
hold responsible research positions. In my years of 
teaching I had over a thousand women in my classes 
and very few of them showed that spark of curiosity and 
initiative required to be outstanding leaders in research. 

In general, women are cautious, conservative workers 
in the research laboratory and seldom have that spark 
of curiosity necessary to try something entirely new 
and different. This is not to be construed in the sense 
that I believe there is no place for a woman in chem- 
istry or chemical engineering. Irrespective of race, 
color, creed, or sex there is a place in science for anyone 
genuinely interested in the search for scientific truth. 
Many women chemists can and will continue to do good 
research work. 

One of the greatest faults of research workers is their 
inability to recognize variables. One wartime de- 
velopment in which variables were controlled with un- 
believable speed has been the production on a large 
scale of the miracle drug penicillin. When work witha 
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culture of Penicillin notatum was started in this country 
in 1941, the mold would produce only a very few units 
of penicillin per ml. of broth in 10 days. Bacteri- 
ologists, chemists, and chemical engineers of uni- 
versities, government, and industry tackled the vari- 
ables of medium, fermentation conditions, methods of 
recovery, concentration, drying, and packaging. A 
new medium containing lactose and corn steep liquor 
gave the mold a more desirable environment and the 
yield was increased 40-fold and the fermentation time 
cut to less than half. Recovery processes were doubled 
in efficiency, and new drying techniques decreased 
losses still further. Some 20 plants costing over 
20 million dollars now produce over 200 pounds of this 
precious drug per month. 

Important variables which had to be controlled were 
the strain of the mold used, its vitality as an inocculum, 
the composition of the culture medium, the tempera- 
ture of growth, the growing conditions, the extraction 
process, and the method of drying. Atleast a thousand 
bacteriologists, chemists, and engineers have had a part 
in the development of the processes used today. Speed 
in recognizing the variables, accuracy in recording them, 
and careful planning for their control has made pos- 
sible the production of sufficient penicillin so that 
several hundred thousand patients can be treated each 
month. Penicillin is but one chapter in the book of 
science; other equally thrilling chapters have and will 
be written. 

In this country, as in no other, there are organiza- 
tions of people interested in almost every phase of 
human activity. From such august bodies as the 
National Academy of Science to the Society for the 
Prevention of Calling Pullman Porters George, Ameri- 
cans as no other national group are joiners. In the 
field of chemistry and chemical engineering the three 
outstanding organizations are: the American Chemical 
Society, the American Institute of Chemical Engineers, 
and the American Institute of Chemists. The sub- 
species of the families of chemists and chemical en- 
gineers will find other associations catering to their 
individual interests. 

The field of influence of an association, be it the 
American Chemical Society, the American Institute 
of Chemical Engineers, or the labor union, is directly 
proportional to its membership. Those people who 
have given a great deal of time and energy in the de- 
velopment of technical associations are anxious to have 
all those who are qualified join them. Your benefits 
from joining will be directly proportional to the in- 
terest you take in the affairs of the associations. If the 
chemists and chemical engineers are to have the status 
and enjoy the prestige which they deserve, it will only 
come about if those earning their livelihood from these 
professions join these organizations and participate in 
guiding their affairs. 

The responsibility for defining the terms, chemist 
and chemical engineer, will ultimately rest with the 
group taking the most active interest in the welfare of 
those employed in these professions. If our technical 
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societies do not do it, then it is quite likely that it will 
fall into the hands of government leaders or labor union 
organizers, neither of whom have any qualifications for 
this task. 

The most heated debate at the present time hinges 
on whether chemical engineering is a branch of engi- 
neering or whether the chemical engineer should be 
called an engineering chemist. There are many chem- 
ists who have neither aptitude nor interest in the manu- 
facturing of any commodity and by no stretch of the 
imagination could they be called engineering chemists 
or chemical engineers. Likewisé there are many chemi- 
cal engineers wholly unqualified to do research work on 
the synthesis of a new compound, such as penicillin. 
There are many chemists and chemical engineers who, 
because of their liaison duties between chemistry and 
engineering, will find it to their advantage to participate 
in the affairs of the American Chemical Society and | 
the American Institute of Chemical Engineers. 

The present trend in definitions is clearly indicated 
by the research organizations which are being estab- 
lished by large companies. Some companies have a 
vice-president in charge of research and development. 
The vice-president, in turn, divides his organization 
into the following headings: Research Department, 
Engineering Department, Sales Development, Chemi- 
cal Sales, and Patent Department. The Director of 
Research has the responsibility of developing new sub- 
stances and a working hypothesis for their production 
The Director of Engineering has in many instances 
found it advisable to divide his organization into two 
groups: Process Engineering and Engineering De- 
velopment, and Pilot Plant Development. A chemical 
engineer from the Process Engineering and Develop- 
ment group goes into the Research Laboratory and 
works with the research chemist until he is familiar 
with the proposed process. He then takes it to the 
Engineering Department and works on the process 
until he believes that he has sufficient control of the 
variables so that a pilot plant can be built. A chemi- 
cal engineer from the Pilot Plant group is called in and 
after he is sufficiently familiar with the process a pilot 
plant is constructed; from the operation of this pilot 
plant, data are obtained from which a determination 
is made either to construct a manufacturing unit or 
abandon the process. The chemist serves as an ad- 
viser to both of the chemical engineers from the Engi- 
neering Department. 

The Sales Development group has the responsibility 
of investigating both old and new uses for the com- 
modity. It comes into the picture just as soon as there 
is some assurance that the quality of the product can 
be duplicated in production in the Research Laboratory 
by the Engineering and Development group, or in the 
Pilot Plant. The Chemical Sales and Technical Sales 
groups lean heavily upon Research and Engineering 
for advice in connection with their contacts with the 
consuming public. 

The Patent Department may or may not be under 
the control of the vice-president in charge of Research 
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and Development. In any case it must have capable 
men, trained in chemistry and engineering, who can 
serve as liaison representatives with the Research and 
Engineering Departments. 

Today competition in the field of chemistry and 
chemical engineering is too keen for many eight-hour-a- 
day men to become either famous chemists or chemical 
engineers. All of us believe that research workers 
should have avocations. One avocation which de- 
velops leadership and creates satisfaction will be a 
great asset to the average scientist. The 20-hour-a- 
day research worker will soon burn out, but the eight- 
hour-a-day man rots out. Somewhere between the two 
is the level of maximum productivity for the longest 
time. Under-Secretary of War Robert Patterson 
summed this up when he said, “‘There is no four-lane 
highway to scientific achievement; a bulldozer is needed 
every inch of the way.” 

Time and again it has been pointed out that the 
most productive years of research for the chemist are 
those before 45. Harvey C. Lehman in the Scientific 
Monthly, November, 1944, has plotted curves of man’s 
most creative years in music, art, poetry, chemistry, 
mathematics, and many other fields. 

In general, the majority of lasting and important new 
creations have been those of youth. We should realize 
in interpreting such results that many men of creative 
ability are given administrative positions in later years 
and therefore do not find time for creative research. 
In the academic fields this has occurred so frequently 
that it is often said, ‘“Why take a good research man 
and make a poor Dean out of him?” 

Numerous articles have been written on the neces- 
sity for the scientist to broaden his interests and par- 
ticipate in local affairs. It is true that the average 
chemist is regarded by the layman as a peculiar type 
of individual who prefers to spend his days, and fre- 
quently his nights, poring over some unsavory con- 
coction whose composition is known only to himself. 

Some believe that the trend indicated for the future 
is that men of science will assume a more prominent 
position in public affairs and that the chemist will be 
in a position of leadership, such as he has not known be- 
fore. There are some chemists who must be able to 
carry this dual load. In this day and age of fast com- 
munication and transportation it is all too easy for the 
chemist and chemical engineer to become overburdened 
with extracurricular evening activities. A political 
meeting on Monday, concert on Tuesday, board meet- 
ing on Wednesday, club meeting on Thursday, farewell 
or welcoming party on Friday, bridge on Saturday, and 
Charlie McCarthy on Sunday leaves no time for re- 
search in the laboratory or reading of technical journals. 

The primary problems facing the human race are 
those of providing food, clothing, shelter, and facilities 
for the betterment of health. Secondary in impor- 
tance are such everyday things as entertainment, trans- 
portation, vacations, sufficient work to go around, and 
companionship. : 

If we are to have any of the four freedoms, freedom 
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of speech, freedom of religion, freedom from fear, and 
freedom from want, we must satisfy the freedom from 
want first. If the scientists of Germany had been 
given an opportunity to put their wealth of talent to 
solving the problem of more living room in a peaceful 
scientific fashion a war might have been averted. 
Perhaps scientists of today will take this lesson to 
heart and assume their full share of responsibility in 
the social welfare of the country. Social obligation is 
proportional to ability. Since scientists have a broad, 
long-range picture of what the future may hold they 
must take a more active part in directing human events. 

At the close of the war we will owe ourselves billions 
of dollars. This national debt is a challenge to the 
inventive genius of the American people. Our inventive 
genius is the secret weapon with which this and other 
postwar problems may be solved. The national debt 
can be paid by inflation or invention. Inflation is 
cowardly, invention is constructive. 

Many industrial organizations recognize that, in 
order to hold their relative positions in their own in- 
dustry, that is, to improve their present processes and 
products, and to develop new processes and products, 
they must expand their research organizations. These 
companies are looking ahead 5, 10, 25, and even 50 
years. We recognize that finding qualified technical 
personnel for our enlarged programs is a most difficult 
task. During the war Russia, England, and Canada 
have faced the task of harboring and nurturing techni- 
cal personnel with much more thought to the future than 
has our country. Our short-sighted policy during the 
past few years can only bring forth a meager crop in the 
years of need. It will be many years before the true 
equilibrium will be established between supply and 
demand for well-trained chemists and chemical en- 
gineers. One aid in national and technological se- 
curity rests in the withdrawal of men with technical 
potentialities who are not using this ability to the 
greatest advantage in the Armed Forces and placing 
them in training programs as quickly as possible. Re- 
ports are coming back of a few chemists and chemical 
engineers who have been released during the past few 
months from the Armed Forces. Many of these men 
will require long periods of careful readjustment and the 
greatest of patience on the part of persons employing 
them. Refresher courses and training programs must 
be set up in order that these men may have the oppor- 
tunity they deserve to advance rapidly in competition 
with their fellow chemists and chemical engineers who 
have been deferred for essential war work. 

With the ever increasing number of new chemical 
compounds, new types of reactions, and new tools of 
science, the training period of technical men must be 
expanded. As one example of this, our company is at 
present sponsoring three post-doctorate fellowships. 
Many companies do this now, and the number will be 
greater after the war. In 1800 all of the known chemi- 
cal facts could be described in one good-sized book. 
Now whole books are written on isolated divisions of 

(Continued on page 135) 








A New Periodic Table 


HENRY A. WAGNER with HAROLD SIMMONS BOOTH 


Western Reserve University, Cleveland, Ohio 














HE periodic table described in this paper was de- A and B subgroups. These lines also show where each 
: vised with the aim of revealing in a simple and element belongs in the original Mendeleeff table. 
direct manner the relations of the properties of the The four different types of elements, as classified by 
elements and their electronic configurations. Bohr according to the number of incomplete quantum 
The elements are arranged on the basis of an isos- groups, are indicated in the table by four different 
celes triangle with hydrogen, atomic number 1, at the types of circles, in which the symbols of the elements are 
apex, and in increasing order of atomic numbers as placed. 
usual. This expanding triangular arrangement permits The electron arrangement for any element may be 
of placing the rare earths in their proper position in obtained by: (1) observing its period number at the 
period number 6 and correctly places the so-called left of the period; (2) referring to the table at the upper 
transition elements as well. left of the table to obtain the electron arrangement in 
The elements are divided into horizontal periods as_ the completed quantum orbits; and (3) following the 
determined by their main quantum groups. Each _ continuous sloping lines from the element to the bot- 
period, save the first, begins with a rare gas, being a tom of the table and reading the electron arrangement 
peculiarly appropriate position for elements with nor- of the electrons X, Y, and Z, or X and Y and Z. Some 














‘ mal zero valence. examples are given below: 
Continuous sloping lines connect the elements of the Element At. No. K L.M N O P @Q 
different periods which have the same electron arrange- B 5 i) iy 
ment in their incomplete quantum shells and conse- Al 13 _ ae ee 
quently connect the elements with closely similar Ni 28 2 8 16 2 
physical and chemical properties, usually spoken of as ad re : : = i : 9 
“‘families.’’ Discontinuous lines connect elements and 
families of secondary similarity, that is, the so-called The maximum covalence number (Werner’s co- 
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ordination number) for each period is placed at the 
right of the period. The minimum and the maximum 
valence for a group are shown at the bottom of the 
table with a ) to show intermediate valence changes 
by one unit, and with )) to indicate intermediate va- 
lence changes by two units. 

The placing of hydrogen at the apex of the triangle 
tied to both the alkali metals and the halogens by con- 
tinuous lines illustrates strikingly the close chemical 
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similarity of hydrogen to both groups one and seven. 

In a large wall table of this design the circles could be 
colored the same as those of solutions of the stable ion 
of the element thus showing even more strikingly the 
relation between incompleteness of electron groups and 
ion color. However, to make the table reveal more 
properties would probably, as has been too often done 
in the past, make it so complicated as to conceal rather 
than reveal relationships. 


Small-Scale Experiments for School Classes 


ALLAN ADAIR 
Kelly College, Tavistock, England 


HE following account will give some idea of the 

methods which we have been developing in an 
English Public School in order to effect economy in 
chemicals and apparatus. Although small-scale ex- 
periments are not new, yet their possibilities in school 
work have not been widely examined beyond precipi- 
tation reactions in watch glasses and on microscope 
slides. 

Since British Public Schools cater to boys of ages 
from 14 to about 18, it seemed desirable to introduce 
any novel methods into the lower age groups. Older 
students tend to be more conservative and are used to 
handling 250-ml. flasks and beakers; moreover much 
of the apparatus had to be home-made in the beginning 
and a stock built up. Pyrex glass has been used ex- 
clusively, although oxygen is required for working it. 
Corks are not used. All glass straights and bends are 
slightly tapered at the ends so that a piece of rubber 
tubing may be slipped along the taper until it is 
stretched sufficiently to act as a stopper for the appara- 
tus to which the tube is to be connected. If still too 
narrow, a piece of wider tube is put over the top of it. 
The diagrams show the pieces of apparatus with 
which each student is provided. Bends are all made 
from 5 to 6-mm. tubing. The flasks are blown from 
heavy-walled l-cm. tubing. Microscope slides and 
stirring rods are provided, and also 15-ml. conical flasks. 
The evaporator, K, is made by collapsing the bottom 
of a round 12-ml. flask, using gentle suction and uni- 
form rotation in the blowpipe flame: The small aper- 
ture is about 1 mm. in diameter and is blown out while 
heating with a pin point flame. Liquids to be evapor- 
ated are placed in the cavity and the whole is mounted 
in a cork inserted in a 200-ml. conical flask which acts 
as a steam boiler. The steam issues as a jet through 
the orifice. 

Small nickel boats are useful and are made of such 
size as to fit the 1-cm. bore combustion tube, G. The 
method for making them is as follows: A nail of 
suitable size is securely held horizontally in, a vise. 
The nickel is bent round the nail up to the line XX 
where X represents a small cut in the metal. The end 


———-—— 


f% 


























cf 

















Ba Se 


CoNDENSER 





MAKING A NICKEL BOAT 


to the right of XX is turned up and the projecting flaps 
are hammered to lie along the sides, of the boat. 

The use of this small-scale apparatus will be best 
illustrated by giving several examples from the many 
possible experiments. In most cases weights of mate- 
rials used have been given as a guide; the boys do not 
weigh their solids, it suffices to show them a sample and 
to let them estimate their own quantities. 

Filtration or Removal of Solids from Liquids. ‘This is 
an art in itself and the choice of method gives a fine 
exercise in judgment to the young student, since it 
will depend on the size and quantity of the particles or 
crystals. 

Method 1: A hand centrifuge is used, with subse- 
quent removal of liquid by a 1-mm. or smaller bore 
siphon drawn out from ordinary tubing. The use of 
capillary tubes and siphons is limited to some extent 
by the particle size. Some particles may easily stick. 
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This serves best for very large particles which will not 
get drawn in, or for very small ones, a few of which may 
enter but are too small to stick. 


i 





IMM. 








“Se 
ad 








YY oh) 
Sac 


Pyrex BUNSEN MOUNTED INA _ SELF-PRIMING SIPHON REMOv- 

SLtot CuTIN A WOODEN BLocK ING LiQguIpD FROM A CLOCK 
R—a rubber sleeve which GLass 

runs beneath a copper strip 

bridging the block and screwed 

down to keep the burner in 

place 





Method 2: The mixture is poured into a watch 
glass and allowed to settle. The liquid is removed by 
using a self-priming siphon pipet, the bulb of which 
holds about 3 ml. It is made by drawing out a heavy- 
walled pyrex */,-inch test tube which is carefully col- 
lapsed at about the middle to a thick-walled tube of 
about 3-mm. bore. It is then removed from the flame 
and steadily drawn out into a strong capillary of 1-mm. 
bore or less. The capillary is bent as shown. On in- 
troducing the tip into a liquid the latter is drawn in 
by capillarity and siphons over into the bulb. It is 
poured out by the wide tube at the other end of the 
bulb. The solid is further dried by pushing it down 
into a heap in the center of the watch glass, using a 
piece of thickly folded filter paper. Drying is com- 
pleted by any suitable method—e. g., over a water 
bath. 

Method 3: If there is only a very small amount of 
solid to be filtered from 1 or 2 ml. of liquid, then the 
King Micro filter is useful. This filter consists of a 
piece of heavy-walled capillary tube pushed up into a 
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length of 1-cm. pyrex tubing so as to fit it closely. 
In order to obtain a good fit the opening of the capillary 
tubing may be very slightly enlarged so that it is just 








too wide to be pushed into the jacket, and then ground 
in with carborundum. Filter papers are cut with a 
sharp cork borer. The two tubes are held together by 
a rubber sleeve which also serves as a stopper for plug- 
ging it into the side arm suction tube, @M. Mouth suc- 
tion is used. 

If there is too much solid to be removed it may block 
a King filter unless the particles are large. 

Method 4: A plug of cotton is tightly packed into 
the mouth of the test tube containing the mixture to be 
filtered and firmly pushed down to the bottom with a 
glass rod. Some solution is inevitably left absorbed 
and is lost. . 

The Reduction of Copper Oxide by Hydrogen. Two 
grams of granulated zinc are put in the round-bottom 
flask, which is then half filled with dilute hydrochloric 
acid (1:2). The flask is attached to the left-hand limb 
of the silica-gel drier. A small piece of cobalt chloride 
paper placed at the further end of the tube indicates 
that the gas is dry by remaining blue. The reduction 
tube H contains 0.2 g. of copper oxide (from wire) and 
is attached to the right-hand limb of the drier by a 
stout piece of rubber tubing. Heating is started as 
soon as air has been expelled. Rapid reduction takes 
place. The drop of liquid condensing in the V of the 
reduction tube is removed by capillary and is de- 
posited on cobalt chloride paper to show that it is 
water. 

Hydrogen on Burning in Air Gives Water. The 
same apparatus is used. A fine jet is substituted for 
the reduction tube. A minute hydrogen flame can be 
lighted and if the lighted jet is thrust into a small test 
tube a film of moisture condenses on the walls. 

Reductions with Carbon Monoxide. ‘These are carried 
out using the 12-ml. flask joined to tube H by tube B. 
The gas is made from 1.5 ml. of formic acid and 1 ml. of 
concentrated sulfuric acid, which are gently warmed 
together. Reductions may also be carried out using 
the combustion tube G and a nickel boat. If the 
production of carbon dioxide is to be shown, a suitable 
delivery tube is connected to H or G and the gas is 
passed through a few drops of lime water. Heating 
is started when the air has been driven out. Other- 
wise there is sometimes a slight explosion. 

Reduction of Carbon Dioxide by Carbon. Marble 
chips and moderately concentrated hydrochloric acid 
are used in the flask. The gas is led through LZ into MV 
where it is washed or dried. It passes from the side 
arm of M into G, which is packed with charcoal in the 
center. An ordinary bunsen may be required but it 
may bend the tube slightly. The issuing gas is led by 
E into lime water. 

Preparation of Anhydrous Ferric Chloride. The 
same apparatus is used as for the last experiment. 
Chlorine is prepared by warming 0.5 g. of manganese 
dioxide and 2 ml. of concentrated hydrochloric acid. 
The gas is dried by sulfuric acid in M. About 2 cm. 
of fine iron wire are enclosed in a short length of ordi- 
nary 6-mm. pyrex tubing placed in the center of G. 
On gentle warming the rapid iron wire combination 
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takes place and a crystalline sublimate of ferric chlo- 
ride is produced in the colder region of G. It may be 
dissolved out with a few drops of water and tested with 
drops of reagents on a white tile. 

Fourteen sets of this apparatus working together 
produce insufficient chlorine to cause harm, and very 
little smell. Most likely a good many more could be 
run at the same time with impunity. 

Preparation of Copper Sulfate. To 2 ml. of dilute 
sulfuric acid (1:10) copper oxide is added, little by 
little with warming, until some is left undissolved and 
the liquid appears blackish because of the sediment. 
About 0.4 g. will be required. 

After settling for a minute the supernatant turbid 
blue liquid is poured off the residue, by one gentle 
tilting movement, into a clean tube. It is warmed 
and shaken and about three drops of the same acid 
are added. The liquid now becomes clear (the opacity 
is presumably due to a basic compound). The solu- 
tion is filtered, King filter being used to remove any 
specks of copper oxide. It is. concentrated slightly 
in the evaporator and allowed to cool. 

Preparation of Hydrogen Chloride and Hydrochloric 
Acid. The 12-ml. flask is attached to D which leads 
to the top of M which acts as a safety device in case of 
suck-back. The side arm connects to the short limb 
of E, the long limb of which dips into 2 ml. of water 
in a test tube. 

The flask contains 1 g. of sodium chloride with a 
little concentrated sulfuric acid. The mixture is gently 
warmed to produce a rapid, steady stream of gas. Too 
much acid causes uncontrollable frothing. The solu- 
tion of hydrochloric acid is very concentrated and may 
be tested using a drop of it with a drop of silver nitrate 
solution. It reacts well with zinc. 

Preparation of Sulfur Dioxide. The apparatus is 
similar to the last experiment. Copper and concen- 
trated sulfuric acid are used. 

Preparation and Liquefaction of Nitrogen Dioxide. 
A 6-inch test tube is filled to a depth of 2 cm. with 
powdered anhydrous lead nitrate. The gas is led to the 
bottom of the side-arm tube M by way of L. Tube M 
acts as an air pre-cooler. The side arm is connected 
to the short limb of E. The long limb passes to the 
bottom of a test tube surrounded by ice and salt. 
If this freezing mixture is unobtainable equal weights 
of sodium carbonate crystals, ammonium nitrate, 
and water may be used. The lead nitrate is gently 
heated and a few drops of the liquefied gas are collected. 

The above experiments by no means exhaust the 
possibilities of small-scale work. Many precipitation 
reactions can be carried out in a watch glass or on white 
tiles. The white tile method of carrying out the 
“brown ring test” for a nitrate is in every way superior 
to the test tube method. A small crystal of ferrous 
sulfate is crushed in a drop of water on the tile. One 
drop of the solution of a nitrate is stirred into it. A 
single drop of concentrated sulfuric acid is placed along- 
side and the two drops are pushed together by a glass 
rod. A brown line forms where they meet. 











APPARATUS FOR MAKING FECL; 


The testing of gases for combustibility or for support- 
ing combustion presents a problem when miniature 
test tubes are used. Suitable microtapers are made by 
running cotton thread through melted paraffin wax 
and cutting it into convenient lengths. 

Finally let it be stated that we have not entirely 
eliminated work with ordinary apparatus. The teacher 
must master the miniature technique and know the 
pitfalls. Quite young boys can learn to fit up the ap- 
paratus in a few minutes and we have very few break- 
ages. 

A fine is imposed for damage caused by carelessness, 
but money thus collected is spent on materials for the 
class. The boys are encouraged to design new ap- 
paraius and to make suitable stands and racks for tubes. 


—3CmM.— 





— | CM. 


REDUCTION TUBE EVAPORATOR 


Many of the pieces of apparatus mentioned hold to- 
gether well and can be held in the hand or by ordinary 


clamps. Miniature clamps are easily designed from 
spring paper clips and they can be mounted on wood in 
suitable ways. 

It is well worth while exploring the possibilities of 
small-scale reactions using no special equipment other 
than apparatus usually found in laboratories. Drops 
of solutions on colored tiles, or better on sheets of glass, 
are frequently as satisfactory as larger-scale reactions. 
Sheets of glass may be viewed against a white or black 
background. 

Gases such as sulfur dioxide may be recognized in 
quite small quantities when made in 5-cm. test tubes, 
by holding a film of potassium chromate solution in the 
mouth of the tube. The film is made by dipping a 
wire loop, twisted on the end of a suitable piece of wire, 


Smrca-Ge_ Dryinc TUBE 


P—glass wool plug S—strip of cobalt chloride paper 
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into the solution. The loop can be about 3 mm. in 
diameter. Platinum wire is suitable. We use Ni- 
chrome wire mounted in the end of a short length of 
glass tube with a plug of picein or sealing wax. 


APPARATUS’ 


Glass Bends (5- to 6-mm. tubing): 


A. 4.5cm. 120° 4.5cm. 
B. 5.5cem. 90° 5.5cm. 
Cc. 5.0cm. 60° 5.0cm. 
D. 4.0cm. 90° 5.0cm. 90° 4.0 cm. 
E. 6.0cm. 90° 16.0cm. 


Production of Tungsten and Molybdenum 
Increased Sixteen-fold 


ESPITE wartime difficulties of ‘importing wolframite, 

production of tungsten from this ore for war-vital electric 

lamps and electronic tubes now is 16 times greater than in pre- 
war years, it has been reported recently. 

There has been a similar increase during the same 1938-44 
period in the production of molybdenum, a metai scarcely known 
commercially until World War I, but now one of industry’s most 
important materials. 

Without these critical pure metals and 15,000 different types of 
items, made principally of tungsten and molybdenum, many 
other electronic tube and lamp manufacturers could not have met 
their wartime production schedules. Virtually every lamp and 
tube requires tungsten or molybdenum in one form or another. 

The Westinghouse Lamp Division is one of the largest produc- 
ers and users of tungsten and molybdenum. Among the 15,000 
items which the Westinghouse plant produces and shares with 
other manufacturers are tungsten filament wire, rods, and 
sheet, the latter used as ‘“‘targets’” in X-ray tubes; molybdenum 
wire, rods and sheet; soft and hard glass lead-in wires; tungsten 
filaments; etching inks for lamp and tube identification markings; 
etching solutions for frosting light bulbs; metal bases, radio tube 
bases, chemical compounds such as phosphors, and the ‘‘primer”’ 
which fires a photoflash lamp; liquid air, and argon. 

Tungsten and molybdenum processing requires intricate and 
precise handling. The metals are reduced to powder form and 
later are pressed into ingots strong enough to be drawn into wire 
10 times finer than a human hair. 

The smallest tungsten wire manufactured, for use in three-watt 


Whats Been Going On : 
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F. 7.0cm. 60° 9.0cm. then tapered off for 5 
cm. 
L. 6.0cm. 110° 5.0cm. 90° 9.5 cm. The 


last half of this limb is drawn out so that it 
delivers small bubbles. It is used in con- 
junction with the side-arm tube M, which 
serves as a drying tube when sulfuric acid is 
the drying agent. 

Special Apparatus: 

G. Straight combustion tube. Internal bore about 
lem. Length1l5cm. The ends are slightly 
opened up for the easy insertion of glass bends 
with their rubber ‘‘stoppers.”’ 


lamps, is drawn to a diameter of two ten-thousandths of an inch. 
A pound of it would stretch 282 miles. 

In many of their properties, tungsten and molybdenum are 
rivals for favor as the aristocratic sisters of the metallurgical 
family. Both have a high melting point, both have an electrical 
conductivity about one-third that of copper, and both compare 
favorably with the more expensive metals, platinum and tan- 
talum, in their ability to resist corrosion. 

Tungsten is slightly superior to molybdenum in some respects, 
engineers have found, but it is limited as to size and form, and 
weighs about twice as much. Tungsten is among the densest of 
the metals and it was classified among the tin ores until the middle 
of the 18th century. 

Having a tensile strength greater than steel and the highest 
melting point—6,098 °F.—of all metals, tungsten qualifies ideally 
for its principal role as a sturdy yet fine and sag-free filament for 
electric lamps and electronic tubes, and as a material impor- 
tant to confidential government projects. 

Molybdenum, on the other hand, has a tensile strength about 
half as great as tungsten and melts at 4728°F. The principal 
use of this silvery white metal is as a support wire for lamp fila- 
ments and for lead-in wires, plates, and grids in electronic tubes. 
“Moly” also is serving chemical and petroleum industries in vital 
capacities. 


One attractive feature, particularly in wartime, is the fact that 


molybdenum is an all-America metal. There is an apparently 
inexhaustible supply of the raw material deposited in the moun- 
tains of Colorado. Conversely, the domestic deposits of tung- 
sten ore in California and Colorado are commercially impractical 
for lamp and tube manufacture, which requires tungsten of 99.9 
per cent purity. 


TAKE YOUR PICK 
(The enemy’s idea of war—and ours) 


**In serving on the seas, be a corpse saturated with water. In serving on land, be 
a corpse covered with weeds. In serving in the sky, be a corpse that challenges the 
clouds. Let’s all die close by the side of our sovereign.”>—Maj. Gen. Shuichi Matsumura, 
chief of Japanese army press section, citing the slogans of the suicide squadrons. 

*‘When the boys were returning at night from one particular attack, many of them 
wondering how they were going to land damaged planes in the dark, Admiral Mitscher 
turned on the searchlights, disregarding the danger of submarine attack. One reason 
for the morale of our people is that we know we will be taken care of .”’—Commander 
Ernest M. Snowden, recently back from Pacific operations. 
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Pharmacists 


JOHN A. HOWLAND 
New York City 


'Q‘HE many recent developments in drug therapy, 
“ accelerated by the demands of war, indicate that 
the corner pharmacy will become a factor of importance 
in the postwar period as a distributing agency for 
chemotherapeutic agents—penicillin and the sulfon- 
amides which have gained such widespread attention 
in the treatment of many infections. 

In this connection, the chemistry field will be di- 
rectly interested in the revelations made in recently 
completed national surveys that the shortage of 
pharmacists, now and after the war, is a matter of 
concern to all public health and sanitary professions. 
Of course, the profession of pharmacy is never a static 
one and year by year it becomes more closely coopera- 
tive with chemistry, medicine, dentistry, nursing, etc. 

The activity of the practicing pharmacist is by no 
means confined to compounding prescriptions in a re- 
tail pharmacy. The pharmacist is an important factor 
in research laboratories. He performs a vitally im- 
portant function in the modern hospital. Drugs and 
pharmaceuticals, in their manufacture, are checked for 
quality and purity through manufacturing and pack- 
aging processes by registered pharmacists, and pharma- 
cists constitute a large portion of the faculties of the 69 
accredited colleges of pharmacy in this country. 

In view of these facts the results of the survey are 
interesting: 

The decline in the country’s available supply of 
registered pharmacists has taken place largely within 
the past four years. In 1940, for instance, there were 
82,000 practicing pharmacists, of which 72,000 were in 
retail pharmacies; 5000 in drug, chemical, and pharma- 
ceutical manufacture; 3000 in hospital pharmacies; 
1000 in pharmaceutical journalism and teaching; while 
1000 were in state and Federal services. 

By the end of 1944, the armed services will have 
takén 14,000 pharmacists, of which less than 10,000 can 
be expected to return to pharmacy after the war. Most 
significant, however, is the matter of replacements. 
Pharmacy’ student enrollments have dropped from a 
normal of 8800 to 7000 in the fall of 1942; to 4300 in 
the spring of 1943; to 3600 in the fall of 1943; and to 
2700 in the spring of 1944. Only 800 will graduate in 
1944, while between 200 and 300 can be expected to 
graduate in 1945, and in succeeding years. A careful 
consideration of these findings indicates that the short- 
age of pharmacists can be conservatively estimated at 
6500 by January, 1946, and this estimate is based upon 
the assumption that 10,000 of the 14,000 pharmacists 
in the armed services will return to pharmacy after the 
war. However, it cannot be accurately estimated how 
much greater this shortage may be, due to the extraor- 


‘to perform their functions. 


dinary needs of an expanded U. S. Army, worldwide 
U. S. Navy, and the requirements of rehabilitation 
centers for the wounded. 

What is the reason for this decline? 

Generally speaking, not enough of our young people 
have understood and appreciated the true status of the 
practicing pharmacist as a professional man, or the 
opportunities which await the student for a prosperous, 
independent career of service in pharmacy. (Inci- 
dentally, the National Pharmacy Committee, 620 
Fifth Ave., New York City, is cooperating with inter- 
ested groups in supplying data on this subject, and 
many young people are sending for the free booklet, 
“Your Future in Pharmacy,” sent on request by the 
Committee.) 

Today, in nearly every state, the pharmacist must 
hold a Bachelor of Science degree from an accredited 
school of pharmacy and serve one: year of internship 
before he can take state examinations leading to a 
license to practice. 

While nearly all the professions have revealed serious 
shortages of trained personnel, most of them rely im- 
portantly upon the work of the registered pharmacist 
The corner pharmacy al- 
ways has occupied a place of special trust in the Ameri- 
can community, because the pharmacist is a trained 
man, consultant-partner of the local doctor, and be- 
cause his profession brings him into frequent and often 
intimate contact with every man, woman, and child in 
his locality. That the new trends and developments 
in medicine, in drug and chemotherapy, will tend to 
enlarge his sphere of service and cooperation with our 
health protection professions is certain. 
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Spectrochemical vs. Wet Methods 
in Routine Industrial Analysis 


RONALD B. SPACHT! 
The National Aluminum Cylinder Head Company, Cleveland, Ohio 


N THIS article I would like first to discuss the 
present and probable future status of spectrochemi- 
cal analysis and its effect on traditional chemical 
methods, then submit some questions for considera- 
tion in the organization of postwar courses in analytical 
chemistry. 

With the advent of the war and the requirement of 
analyses on most products, war plants found them- 
selves without personnel and without laboratory space 
to meet these increased demands. Under these condi- 
tions the logical question to ask was, ‘‘Is there a shorter 
method by which these analyses can be done accu- 
rately?’ The answer to the above problem was found 
to be the spectrograph. 

The methods of quantitative spectrographic analysis 
had been worked out in the years preceding the war. 
It remained to adapt these methods on a large scale to 
war products. The greatest advances have been 
made in the analysis of alloys of iron, aluminum, and 
magnesium. 

It had been known for a long time that the spectro- 
graph was well adapted to the qualitative and quanti- 
tative analysis of metals from less than 0.01 per cent 
to 1 per cent. In the past few years, spectrographic 
techniques and equipment have been improved to 
such an extent that the upper limits to which the 
spectrograph can be used are constantly being ex- 
tended. In our laboratory the range of the analyses 
of a single aluminum alloy XA142 runs from Mn 
0.01-0.04 per cent, to Cu 3.7-4.5 per cent. In be- 
tween we determine Ti 0.07—0.17 per cent, Cr 0.15-0.25 
per cent, Si 0.06—0.60 per cent, Fe 0.20—0.80 per cent, 
Mg 1.20-1.70 per cent, and Ni 1.80—-2.30 per cent. Thus 
by a single photograph with a proper selection of lines, 
elements may be determined from traces up to 5 per 
cent. Other laboratories have worked out procedures 
for high percentages of other elements. Hasler and 
Harvey? and also Coulliette* report spectrographic de- 
terminations of nickel and chromium in stainless steel 
up to 20 and 28 per cent, respectively, with an accuracy 
which compares favorably with routine wet methods. 
These are but two of some recent articles which show 
that spectrographers are no longer thinking in limits of 1 
or even 5 per cent, but of complete analyses of minor 
constituents regardless of the quantity present. 

1 Formerly Assistant Professor of Chemistry at Kent State 
University. 

2? Haster, M. F., ano C. E. Harvey, “‘Quantitative analysis 
of stainless steels,” Ind. Eng. Chem., Anal. Ed., 15, 102-7 (1943). 


§ CoULLIETTE, J. H., “Spectrographic determination of nickel 
and chromium in stainless steel,’’ zbid., 15, 732-4 (1943). 


To be conservative, however, it would appear that 
most analyses up to 5 per cent can be done spectro- 
graphically. The accuracy usually claimed for spectro- 
graphic methods is 5 per cent of the amount of the ele- 
ment present, with most determinations falling much 
closer than this but an occasional determination being 
in error by as much as 10 per cent of the amount present. 
Duplicate and triplicate determinations reduce this 
error to less than 2 per cent of the values obtained by 
wet chemical methods. Sawyer‘ makes the statenient 
that spectrographic analysis is more accurate than 
chemical methods below 0.5 per cent, has about the 
same accuracy as chemical methods between 0.5 and 
5 per cent, while above 5 per cent chemical methods 
are more accurate. My experience with copper deter- 
minations at the 4.5 per cent level is that spectro- 
graphic and chemical results compare favorably in 
most cases; however, the higher the percentage of an 
element being deterthined by the spectrograph the more 
frequently should be the chemical checks upon such 
analyses. 

Qualitative analysis by the spectrograph is very 
easily done on metal samples, salts, and mixtures of 
metallic compounds. With many instruments now 
being furnished with master scales locating the prin- 
cipal lines of the common elements, it takes but a few 
minutes to identify the main metallic constituents of 
most chemical compounds or mixtures. It usually re- 
mains for the chemical laboratory to identify the anion 
constituents unless the anion is composed of a metallo- 
acid element such as silicon or related elements. Ele- 
ments such as carbon, sulfur, phosphorus, and other 
nonmetals are analyzed by the usual chemical methods 
in most cases. This represents the most severe limita- 
tion of the spectrograph in routine analysis, especially of 
iron and steel. 

The chief advantages of the spectrograph over 
chemical methods of quantitative analysis are many: 

It is more accurate for identifying small quantities of 
trace elements which may be detrimental to certain 
alloys even when present in very small amounts. 

It is much faster, hence the saving of labor costs. 

Fewer highly trained technicians are needed since 
most of the routine work can be handled -by any in- 
telligent person after a few hours of instruction. One 
trained spectrographer can usually handle the technical 
work required for the ordinary plant such as preparing 


4 Sawyer, R. A., ‘‘Experimental spectroscopy,’’ Prentice-Hall, 
Inc., New York, 1944, p. 309. 
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curves, repairing equipment, etc., unless an unusual 
number and variety of samples are to be analyzed. 

Capital outlay for spectrographic equipment, while 
initially rather high, compares favorably with that of a 
chemical laboratory, since maintenance costs are low 
and much floor space is saved. 

The amount of sample is very small and in many cases 
metallic parts may be tested directly without the need 
of a special sample. 

Working conditions in the spectrographic labora- 
tory are more pleasant and more healthful than in the 
usual chemical laboratory. Then, too, the tedious 
tasks of drilling samples, washing dishes, etc., are 
eliminated. 

The time-saving feature of spectrographic analysis is 
probably the outstanding selling point from the stand- 
point of the industrialist. To illustrate from the 
author’s personal experience, our laboratory runs only 
one aluminum alloy, XA142. Eight elements are 
determined. We commonly get around 60 samples 
daily, which means 480 analyses. These are done by 22 
man hours of labor, which includes my time as super- 
visor, very little of which is spent in the routine opera- 
tions. Thus each analysis takes only three minutes to 
complete, including keeping records, repairing equip- 
ment, checking bad results, preparing working curves, 
etc. Previous to the installation of the spectrograph it 
took eight men working 10 hours a day to complete the 
above work. Roughly about 60 man hours of labor 
were saved daily. 

Because of the speed, spectrographic methods lend 
themselves very well to control operations. Analysis of 
metal being held in the furnace may be had in the 
melting room in eight minutes after the sample is 
taken. 

As industry returns to competition after the war, I 
feel spectrographic methods which were adopted as a 
war measure will be retained. Also, those plants not 
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being able to secure spectrographic equipment during 
the war will purchase such equipment. 

In view of the above situation what should the 
postwar college course in quantitative analysis consist 
of? Should it be reorganized with emphasis on the 
analysis of the nonmetals and those things not done by 
the spectrograph, or should the course continue along 
traditional lines, with emphasis on the theoretical as- 
pects and the teaching of important laboratory tech- 
niques, both of which are important to the student 
wishing to continue his study of chemistry? 

How are we to meet the common criticism by many 
students that our analytical courses are too theoretical 
and not practical, and at the same time satisfy the 
student who wishes to enter chemical research? Can 
it be done by proper choice of subject matter in one 
well-correlated course or by offering special courses 
to each group of students? Many short courses of 
this type have been organized for war purposes— 
should they be continued? Should the chemistry 
department of a college plan to keep its courses in 
touch with modern industrial methods? 

I do not attempt to answer the above questious but 
submit them as food for thought in the organization of 
postwar chemistry courses, particularly in the analytical 
field. It is my opinion that in the years immediately 
following the war many of our college students will 
want a quick practical education and it will be the 
duty of the colleges and universities to work out such 
courses as will meet the students’ needs. It will be 
well to have these courses as well planned as possible 
before the rush of students back to college begins. 
To determine the needs of students it would be well 
for the organizers of courses to become acquainted with 
changes in industrial requirements brought about by the 
war. The above brief description of spectrographic 
analysis is just one such example of the changing 
needs of the college-trained chemist. 


WHAT IS A CHEMIST AND A CHEMICAL ENGINEER (Continued from page 127) 


chemistry. The developments in chemical engineering 
are most recent, but they are growing very rapidly. 
It is quite likely that the greatest advances in civiliza- 
tion during the next 25 years will not result from new 
discoveries but from harnessing the ‘“‘know-how”’ avail- 
able at the present time, which for various reasons is not 
being utilized. ' 

There is no one who would disagree with the broad 
statement that there is sufficient technical ‘‘know-how” 
in this country to produce an abundance of all items 
which are rationed, except those imported. It has 
been our inability to harness this technical ‘‘know- 
how” which makes rationing necessary. 

It is obvious that we will come out of this war with 
new “know-how” in the fields of medicine, surgery, 
dentistry, and with a deeper appreciation of physical 
fitness. We will have new methods for the production 
of clothes and shelter, better methods of transportation, 
and all down the line technological advances will be 


readily available for improving our postwar world. 

One big problem will be that of knowing how to use 
this “know-how” for the common good. Somehow, 
sociological progress has lagged far behind that in the 
technical field. Milestones are needed to measure 
technical progress in the last 100 years, whereas micro- 
equipment is needed to record social progress. There 
is no reason why technological advances, wars, and 
unemployment should go hand in hand. Out of this 
war must come a “know-how” capable of solving the 
problem. 

Any wide awake industrial company will try to hold 
its position and make its contribution to society, its 
employees, and its stockholdets by improving present 
processes and products and developing new ones. 
The well-trained chemist or chemical engineer must 
play an important role in our industries and uni- 
versities if this nation is to continue to be the leader in 
the development of a better world. 
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Simple Projects for Beginners 


N any laboratory class in beginning chemistry there 

are likely to be a few pupils of rather more than 
average ability. To such students simple projects 
may be assigned. These should differ from the experi- 
ments set forth in the usual manual. They should be 
neither dangerous nor difficult; they should call only 
for the application of such principles and procedures 
as are already familar to the pupil; and they should 
always result in a perfectly tangible product. The 
last statement certainly does not apply to many of the 
experiments provided in the manual, for a large part of 
the pupil’s work is devoted to the production of gases 
which can hardly be called tangible substances. 

At the conclusion of any assigned project, the pupil 
may make an exhibit of his work, mounting his various 
products in small test tubes, tightly stoppered vials, 
or sealed tubes. Each exhibit may be mounted on a 
sheet of cardboard, and it is well to attach a snapshot 
picture of the student and his own written outline of 
the experiment. 

The following are suggested as suitable for project 
work. 


1. Formation of Mercuric Iodide 


(a) Bydirect union. Puta globule of mercury, the 
size of a pea, into a clean dry mortar, add a little 
powdered iodine, moisten with alcohol, and grind the 
materials together. Continue the addition of iodine, 
moistening with alcohol and grinding, until even the 
smallest globule of mercury has been converted into the 
iodide. Avoid excess of iodine. When the action is 
complete, scrape out the material onto a sheet of white 
paper and let stand for a time so that any excess iodine 
may evaporate. Preserve in a sample tube. 

(6) By double replacement. Weigh out 5 g. of 
potassium iodide and compute the weight of mercuric 
nitrate (or chloride) required to react with it. Dissolve 
both solids in water. Reserving about 5 ml. of each 
solution, pour the remainder together, stir or shake, 
and let settle. Cautious addition of a drop of one of 
the solutions to the clear liquid will show whether 
there was an excess of the other, for then a precipitate 
will form. If no precipitate forms, add a drop or so of 
the other solution. The idea is to have exactly the 
right amounts of the reacting substances so that there 
will be no excess of either in the final result. Filter, 
and save the filtrate. 7Wash the residue until it is 
free from all soluble substances (nitrate, chloride, or 
iodide), drain, dry, powder, and sift through fine cheese- 
cloth. Preserve the result. 

The filtrate which contains potassium nitrate (or 
chloride) may be allowed to stand in a crystallizing 
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dish until most of the liquid has evaporated; the re- 
sulting crystals may be dried on blotting or filter paper 
and preserved. 


2. Decomposition 


(2) Ammonium dichromate. Fill a small porcelain 
crucible with powdered dichromate, heaping it up to a 
cone in the center. Stand the crucible in the neck of a 
tall bottle which stands in the center of a large sheet of 
newspaper. Cut off the head of a match close to the 
chemicals and thrust this well down into the center of 
the cone. Ignite the match head. A miniature volcano 
follows. Preserve the green product. 


(NH4)2Cr2O7 —> Ne + 4H20 + Cr203 


(b) Decomposition of carbonates. In separate 
crucibles or evaporating dishes heat moderately about 
5 to 10 g. of copper carbonate, lead carbonate, and 
cadmium carbonate until the change in each case is 
seen to be complete. While heating, stir each sub- 
stance with the end of a file or a glass rod to be sure 
that all portions of the substance are exposed to the 
heat. Preserve specimens of the three original sub- 
stances and the three resulting oxides. What, in 
general, may the student conclude as to the effect of 
heat on oxides? On carbonates? 


3. Crystals 


The crystals of metallic salts display a wide variety 
in color and in form. Dissolve separately about 2 g. 
each of powdered copper sulfate, lead nitrate, sodium 
nitrate, potassium chromate, potassium sulfate, for 
example, in the amount of water required to make a 
saturated solution at room temperature. Add to each 
solution about 5 ml. of water, filter, and set aside in 
crystallizing dishes in a place free from dust. When 
most of the liquid has dried away in each case, remove 
the crystals and dry them on blotting or filter paper 
Preserve in vials or, better, place them in a small cello- 
phane envelope, and attach them to a show card. 


4. Crystallization on a Form 


Procure a package of pipe cleaners. Cut three of 
these in the middleJand tie the six ends firmly together 
with strong thread, leaving an end about a foot long. 
Bend the six free ends so as to represent the bending 
branches of ashrub. Soak the whole in water. 

Now prepare a solution of potassium dichromate 
saturated at about 70 to 80°C. and in volume enough 
to cover the form when immersed in it. Lower the 
form into the hot solution, taking care that the form 
does not touch the container. Support the form by 
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the long thread attached to some suitable support 
above. About a day later withdraw the form. It will 
be found covered with red ‘“‘flowers.’’ A variety of 
forms may be made by bending the cleaners into any 
desired shape. 


5. Spangles of Lead Iodide 


Prepare some lead iodide by the reaction between 
solutions of lead nitrate or acetate and potassium 
iodide. Filter and drain. Put the iodide in 50 to 60 
ml. of water and bring to a boil. Meanwhile warm a 
filter standing in a 50-ml. graduate by pouring hot 
water into it; this warms both the filter and the gradu- 
ate. Pour out the water and filter the hot solution of 
lead iodide into the graduate and let stand until cold. 
The result is explained by studying the curve of solu- 
bility of lead iodide. 


6. Lead Tree 


Mix 25 ml. of water glass (sp. gr. 1.06), to which a 
little lead acetate or nitrate has been added and dis- 
solved, with an equal volume of normal acetic acid. 
Shake or stir, and let stand. A gel will form. Now 
press into the top of the gel a piece of clean, mossy zinc. 
Cover the top with melted paraffin and let stand. 
Gradually the zinc will displace the lead which will grow 
downward in a beautiful form resembling a tree. Let 
the pupil explain what has happened. 


.7. Glass Etching 


The experiment set forth on the subject in the manu- 
als is too perfunctory; it lacks interest. Procure a 
child’s drawing book. This will contain some 50 to 
100 line drawings. Let the pupil select one of these. 
Now melt some paraffin in a dish. Dip a soft narrow 
brush in the hot material and brush over one side of a 
glass of the proper size. Several pieces may be pre- 
pared at once. When the paraffin has cooled hold the 
glass, wax side down, above the flame until the wax 
melts. Let the excess drain back into the dish. In this 
way a perfectly uniform and very thin coat of wax is on 
one surface of the glass. Lay the glass, wax side up, 
on the selected drawing and place a sheet of paper 
on it to prevent scratches where they are not wanted. 
With a sharpened lead pencil, or any similar point, 
trace the lines of the drawing, cutting down to the 
glass. Brush away any loosened wax with a soft 
brush. Be sure the glass is not allowed to move after 
you have once begun tracing. Finally, brush over 
with a swab of cloth on a stick or with a soft brush 
dipped in hydrofluoric acid (held in a lead dish or a por- 
celain evaporating dish coated with paraffin on the 
inside). Brush up and down and then horizontally. 
Finally rinse off the acid and immerse the glasses in 
very hot water to melt the wax. Wash with warm 
water and soap, rinse, and dry. The etching should 
appear. Rub over the etching with aluminum paint 
thinned with turpentine and wipe off all possible with 
aclean cloth. The lines of the etching will appear as 
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silver. Experiment with other materials such as 
bronze paint and red enamel. Finally, mount the 
etching on a slot sawn in a wooden base, setting it in 
glue. 


8. Matches 


(a) The head. Mix 0.5 g. of powdered As,S; and 
3 g. of KCIO; very thoroughly. Make a solution of 
0.5 g. of shellac in three parts of alcohol. Add enough 
of this to the mixed solids to make a thick paste. Twirl 
the ends of some match sticks (cut from burned matches) 
in the paste so that some of the paste adheres, and 
support them while they dry. If the paste is too thin 
it will drain off; if too thick it will not make a good 
head. 

(b) Scratching surface. Grind about a gram of 
white sand to powder. Spread some of the shellac on a 
small pasteboard card. Rub in some of the fine sand 
and then some red phosphorus, and let it stand until, 
dry. The matches should ignite when drawn across 
this surface. 


9. Guneotton 


Prepare some nitric acid in the usual way by distilling 
10 g. of powdered sodium nitrate with about 15 g. of 
concentrated sulfuric acid. Catch the distillate in a 
graduate surrounded by cold water. Use as little heat 
as possible to avoid overdecomposition of the nitric 
acid. Add twice the volume of concentrated sulfuric 
acid and pour into a small beaker standing in cold 
water. Cool to room temperature. Now introduce a 
small quantity of clean absorbent cotton about as 
large as an egg. With a stirring rod push the cotton 
down into the. mixed acids until it is completely wet. 
Let soak for exactly 20 minutes, occasionally turning 
the cotton over. At the end of the time pour out the 
mixed acids into another container, pressing out as 
much as possible of the acids. Fill the beaker quickly 
with cold water and pour off at once to avoid heating. 
At all times the temperature must be below 30°C. (use 
thermometer). Continue the washings about 20 times 
or until the wash water is no longer acid. Wash twice 
more, squeeze dry, and pick apart and spread out ona 
sheet of newspaper until perfectly dry. Lay a shred 
of the cotton on the palm of the hand and touch with a 
lighted match. Pffftt! It burns so fast you do not 
feel the heat on the hand. 


10. A Dye 


Dissolve 5 g. of sulfanilic acid in the least volume of 


dilute sodium hydroxide. Add 2 g. of powdered 
sodium nitrite and shake until dissolved. Stand the 
flask in cold water and acidify with HCl. In another 
container dissolve 4 g. of 6-naphthol in the least volume 
of dilute sodium hydroxide. Pour the first solution 
slowly into the second with stirring. Stir steadily for 
about two minutes and let stand overnight. In the 
morning filter off the thick product, drain, dry, powder, 
(Continued on prge 143) 



















ROM Dean Rivkin, of the Southwestern Institute 

of Technology, Weatherford, Oklahoma, comes 
the description of a simple and inexpensive storage 
and exhibit cabinet, shown in the accompanying illus- 
tration. It was prompted mainly by the necessity 
of finding adequate safe storage space for round-bottom 
glassware, such as distilling flasks, etc. Nevertheless 
it will serve to store many other items. One peg will 
hold two dozen iron rings or three dozen clay triangles. 
Breakage is reduced materially, and items are clearly 
visible, for counting or for inventory. It is suggested 
that painted wire is better than glass in the doors be- 
cause it still further reduces the chance of breakage. 
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e@ Organization of a separate division of polymer chem- 
istry under the direction of Dr. Herman F. Mark, the 
noted international authority, who has been professor 
of organic chemistry for the past five years, was an- 
nounced recently at the Polytechnic Institute of Brook- 
lyn following action by the Corporation providing for 
the establishment of a Highpolymer Research Bureau. 
With this move, Polytechnic becomes the first educa- 
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tional institution in the United States to set up a com- 
plete division for polymer chemistry. 


@ The American chemical and allied products indus- 
try in 1944 achieved the highest production level in 
history, reaching a record output of $8,300,000,000 or, 
roughly, about two and a quarter times what it was in 
1939, the Chemicals Bureau of the War Production 
Board said. 

In reviewing 1944 production, Chemicals Bureau 
officials commented as follows: 


‘The fact that the rapidly expanding war program has not in 
any sense been seriously held up for lack of chemicals in 1944 is 
a high tribute to the cooperative attitude and effective per- 
formance of the hundreds of chemical firms which aggregately 
are responsible for this high level of achievement. We have 
no doubt that the further increases in programs, necessitated by 
the extension of the war effort, will be successfully met in 1945 
by 100 per cent cooperation of the entire industry.” 


One of the outstanding achievements of the chemi- 
cal and pharmaceutical industries in 1944 was the sen- 
sational increase in the production of penicillin. It 
jumped from 9,000,000,000 units a month in December, 
1943, to the current monthly output of approximately 
290,000,000,000 units. This has made it possible not 
only to meet, but actually to exceed anticipated mili- 
tary requirements by a substantial amount, officials 
said. In addition, sizable quantities of penicillin are 
being made available for civilian uses by distribution 
through approved hospitals. 

Officials describe the chemical situation today as 
being in ‘‘good shape,” crediting this largely to the ac- 
tual construction of new facilities costing $1,500,000,- 
000 since 1939. New facilities are currently being 
authorized at a rate of $12,000,000 a month, or an esti- 
mated $150,000,000 for 1945. The entire expansion 
program of $1,700,000,000, approved to date, was 88 
per cent completed at the close of the year, it was dis- 
closed. 


e@ Newly developed industrial uses for helium, chiefly in 
the welding of magnesium and its alloys and now 
widely employed in the aircraft industry, increased the 
sale of this noninflammable gas to commercial distribu- 
tors in the United States to more than a quarter of a 
million cubic feet monthly during 1944. 


e@ The aluminum industry in 1944 went far enough 
“over the top” in supplying war needs of the United 
States and its allies to permit WPB to close down en- 
tirely a number of government-owned . aluminum 
plants, releasing thousands of workers to shell-produc- 
ing plants and other critical industries which need them 
badly for the final, all-out victory drive. 

Even with substantial concurrent reduction in pro- 
duction, aluminum is still being made in this country 
at a rate three times that of the peacetime peak. Dur- 
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ing 1944, ever increasing quantities of the metal poured 
into new military applications. Because of its avail- 
ability, aluminum was not only returned to those 
military uses for which other materials had been sub- 
stituted, but was, itself, substituted in many cases for 
other materials less plentiful in supply. The present 
year should see growing amounts of aluminum going 
into the semimilitary and civilian uses which must be 
expanded as rapidly as manpower may be safely di- 
verted to their development. 

Prime examples of semimilitary uses are airplane 
landing mats weighing about half as much as the older 
steel type, and aluminum gasoline drums weighing 21 
pounds each as compared with 52 pounds for those of 
other materials. These light drums enable our Air 
Transport Command to deliver each month hundreds of 
thousands of extra gallons of fuel “over the Hump’”’ to 
China. Typical of civilian uses are aluminum hopper 
cars ordered by Missouri Pacific Railroad, a hopper car 
with aluminum sides and ends already in use on the 
Burlington Railroad, and a most interesting aluminum 
boxcar just completed for service on the Great North- 
ern Railroad. Wherever possible, surplus aluminum 
stock left in military stores has been utilized. A 
quantity of aluminum sheet belonging to the Army 
was recently turned over to the Navy for use as siding 
and roofing in the construction of Navy warehouses, 
thereby saving other more critical materials. 

Aluminum manufacturers during 1944 developed a 
number of new alloys of military importance and of far- 
reaching peacetime significance. A new alloy, 75S, 
has a yield strength about twice that of the strong 
aluminum alloys used only a few years ago, and an ulti- 
mate strength exceeding 80,000 pounds per square inch. 

To help offset the shortage of high-grade domestic 
ores for the production of aluminum, a new process 
makes possible the use of low-grade ores which were 
considered of little commercial value before the war. 


e A new 12-page booklet that describes X-ray diffrac- 
tion techniques and applications has been announced 
by North American Philips Company, Inc., 100 East 
42nd St., New York. 

Diagrams, typical diffraction films, and several 
tabulations are given in order to show how X-ray diffrac- 
tion equipment is used for identification, research, and 
production. Special pages are devoted to powder, 
back-reflection-focusing, and low-angle scatter cameras. 
In addition, the booklet describes briefly and simply 
how X-ray diffraction films can be interpreted. 


e@ Keeping technical manpower available in the labo- 
ratories is vital at this stage of the war, according to 
the report of Earl P. Stevenson, President, at a recent 
meeting of Arthur D. Little, Inc., Cambridge, indus- 
trial research organization. Mr. Stevenson cited a 
recent emergency in which a front-line observer was 
flown back to the United States with information on a 
new enemy defense tactic. Because technical man- 
power could be immediately concentrated on the prob- 
lem, a promising counter-measure device was quickly 
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developed. Mr. Stevenson pointed out that such 
problems will continue to arise and demand the kind of 
attention that only existing, competently staffed or- 
ganizations can render. 


@ Ordinary water can now be transformed into the 
chemical equivalent of distilled water by a simple filtra- 
tion process developed by American Cyanamid and 
Chemical Corporation and made available in portable 
and stationary equipment designed for all types of 
users. 


THE CHEMICAL EQUIVALENT OF DISTILLED WATER BECOMES 

AS READILY AVAILABLE AS TAP WATER THROUGH THE USE OF 

Tus Fitt-R-StiL, UsInG MELAMINE-DERIVED, ION-EXCHANGE 

Resins DEVELOPED BY THE AMERICAN CYANAMID COMPANY. 

THE LARGE PORTABLE UNIT ILLUSTRATED IS OF PREFABRICATED 

TYPE, WITH CAPACITY OF Two TO THREE GALLONS OF MINERAL- 
FREE WATER PER MINUTE 


With these units water which is virtually mineral- 


free is made readily accessible. The principle is one of 
filtration by skilful utilization of melamine-derived and 
other resins. Water is passed through beds of these 
ion-exchange resins which transform the dissolved 
salts in the water to the corresponding acids and in 
turn absorb the acids. - 

The final demineralized water has an average salts 
content as low as two parts per million as calcium car- 
bonate, and has been produced as? pure as one-half 
part per million. The process also removes dissolved 
carbon dioxide from the water, a feature of particular 
importance in its use in the electronic and electrical 
fields. So effectively has water been cleaned of its 
minerals that its specific resistance to an electric cur- 
rent has been increased to as much as 6,000,000 ohms, 
which compares with a resistance of 50,000 ohms pre- 
viously considered to be very good. 


e In a recent address, Dr. George F. Zook, president 
of the American Council on Education, said: 


“The people of this nation have not yet seriously considered 
the total implications for peacetime of the proposals for com- 
pulsory military training. Only fragmentary evidence re- 
garding the need and operation of such a program is now avail- 
able. Information as to the long experiences of European and 

(Continued on page 145) 
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Organized and Unorganized Research’ 


WANDA K. FARR 


Celanese Corporation of America, Cumberland, Maryland 


INTRODUCTION 


N recalling the incidents of a 30-year period of re- 

search endeavor, I find that one of my most vivid 
impressions is connected with the day of arrival in New 
York to register as a graduate student at Columbia 
University. I was armed not only with the necessary 
credits, but also with the excellent and gratuitous ad- 
vice of my former professors of Ohio University in 
Athens. 

Most of this advice I have not forgotten. The late 
Doctor Chrisman of the Department of Psychology 
had told me to be unafraid. It was his considered opin- 
ion that some professors in our institutions of higher 
learning succeed in instilling fear of themselves in the 
minds of their students; that such fear is not conducive 
to clear thinking; and that I should have none of it. 
Some of the professors warned against overwork. From 
others there were admonitions concerning overplay in 
the distracting influences of the large city. After listen- 
ing, with characteristic reserve, to the words of his col- 
leagues, Doctor Copeland of the Department of Botany 
advised that I size up the situation with reasonable 
care, and then do exactly as I pleased. 


ORGANIZED INDIVIDUAL RESEARCH 


Upon arrival in New York my first act was to call 
upon my major professor in the Department of Botany. 
From his secretary I learned that I was to look for him 
in the departmental greenhouses. A search through the 
greenhouses was unsuccessful, but from an adjoining 
plot of corn came the unmistakable sounds of a hoe. 
Above the tops of the corn plants there soon appeared 
the genial, perspiring countenance of Doctor Harper. 
He was working with his experimental material, even 
the cultivating of which he would trust to no one. 

His research problem dealt with the inheritance of 
color in corn kernels, and, during the months that fol- 
lowed, his handling of this problem, both outside and 
within the laboratory, demonstrated that no significant 
factor was too trivial to command his personal atten- 
tion. When we heard, in our seminar, a careful analy- 
sis and interpretation of the results, we had an impres- 
sive demonstration of the reward of patient effort ex- 
pended in carrying out a specific research task. He had 
begun with a clearly defined problem; the problem was 
solved; and through the solution of it he had contrib- 
uted something to the general knowledge of inheritance 
in both plants and animals. The research was its 
own excuse for being. It was a quest for truth. In its 
combined aspects such an investigation meets every 

1 Address presented at the Women Chemists’ Dinner, Ameri- 


can Chemical Society, 107th meeting, Cleveland, Ohio, April 4, 
1944. 
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requirement of a strict interpretation of ‘‘organized re- 
search.” 


““ORGANIZED RESEARCH’ DEFINED 


By definition, research is: ‘“‘an exhaustive experi- 
mentation having for its aim the discovery of new facts 
and their correct interpretation,” while to organize is: 
“to arrange or constitute in interdependent parts, each 
having a special function, act, office, or relation with 
respect to the whole.” 

To satisfy this definition it is evident that plans for a 
given piece of research must be made with respect to the 
solution of the problem and with that viewpoint alone; 
and that, throughout the entire period of experimen- 
tation, the activities of the worker or workers must not 
stray from the consideration of primary importance— 
the unsolved question. 

It is difficult to conceive of a time when the need for 
such activity did not exist. It is equally difficult to 
conceive of a time when the need will have been satis- 
fied. For whenever a veil of ignorance is lifted, in any 
field of research endeavor, we are confronted with new 
problems and continued demands upon both our abil- 
ity and our efforts to solve them. The history of hu- 
man achievement is, in a sense, a record of the occa- 
sions upon which these challenges have been met and 
overcome; the history of human failure a record of oc- 
casions upon which they, have been either evaded or 
have remained unsolved. 

Our present era would not seem to be lacking in 
both initiative and facilities for rapid developments in 
the field of research. In fact, it may, in time, come to be 
characterized by extensive research achievement as 
compared with eras of the past. How it will compare, 
in this respect, with both past and future is a matter for 
our deepest concern and most careful consideration. 


PRESENT CONCEPTION OF “‘ORGANIZED RESEARCH”’ 


The research procedure which I have described oc- 
curred at Columbia University almost 30 years ago. 
It is not a picture which the words ‘‘organized research” 
are likely to bring to our minds at the present time. 
We visualize, on the contrary, many workers, one or 
more elaborately equipped laboratories, and conference 
rooms for general discussion of data. The research 
workers may have had various degrees of training and 
experience. ‘Many or few techniques may: be repre- 
sented, depending largely upon the problem or types of 
problems to be solved. 

The evolution of this new and more elaborate form 
of organized group research has come with incredible 
swiftness. To those of us who have witnessed the trans- 
ition, it seems only a short time since research was al- 
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most exclusively an individual undertaking, sponsored 
by academic institutions alone. From our daily en- 


counters with the momentous developments currently 
in progress, we should be able to understand them and 
to foresee, to some extent, where they may lead. Asa 
matter of fact, many of us are quite confused with re- 
spect to both present and future developments. 


CURRENT OPINIONS OF ORGANIZED RESEARCH 


In such a state of confusion it is fitting that we 
turn to those of our present generation who, through 
broader contacts, unquestioned achievement in scien- 
tific research, and sincere interest in the relationship of 
future research to the welfare of the human race, are 
qualified to speak. In January of this year, Doctor 
Arthur Compton, the retiring president of the Ameri- 
can Association for the Advancement of Science 
stated [Science, 99, 25 (1944) ]: 


‘Perhaps the most significant change in the life built by science 
and technology will be the increased organization of people into 
larger groups concerned with performing a common task. Peo- 
ple will become more specialized and consequently will become 
more dependent upon each other.’’ 


Even more recently Doctor Conant, president of 
Harvard University, has stated [Science, 99, 93 (1944)]: 


‘|, ~a major share of both advancing and fostering philosophy 
will be the responsibility of the universities in the years ahead. 
The exceptional man turns the unexpected corner in ways which 
cannot be foreseen. No one can designate the targets in ad- 
vance. This fact makes difficult the organization of research 
even in applied fields... . For him neither wealth nor power; 
neither the happiness which comes from contributing immediately 
to the public welfare; nor the exhilaration of being one of the 
builders of an expanding industrial age. His ambition will be 
merely to seek the truth with all the skill and power at his com- 
mand. This he will do humbly and yet with joy and pride. For 
without exalting his calling above that of others, he may never- 
theless hope that from his labors will issue something that the 
world may not willingly let die.”’ 


Past experience and our awareness of current trends 
will enable every one of us to confirm the accuracy of 
these two conceptions. The group research described 
by Doctor Compton is with us—apparently to stay— 
as a result of its contribution to both speed and effi- 
ciency in investigational activities. On the other hand, 
Doctor Conant’s pattern for individual research deals 
with essentials, as we who are engaged in research know 
them. An attempt to make use of both of these ideas 
in visualizing future developments in research, how- 
ever, would seem to necessitate either the assumption 
that the members of Doctor Compton’s research groups 
are, and will continue to be, individuals such as have 
been described by Doctor Conant, or that, in the de- 
velopment of modern research organizations, new types 
of individual workers have been or will be evolved. It 
follows that if we are to evaluate the individual research 
worker both in independent and in group research, we 
must have the type clearly in mind. 


CHARACTERISTICS OF INDIVIDUAL RESEARCH WORKER 
The individual research worker of our generation 


14] 


began his academic preparation for research in a men- 
tal environment suffused with the thought that facts 
are their own excuse for being and with the equally firm 
conviction that ‘‘no fact is unmeaning—certain to find 
its place, sometime, somewhere, like the last word in a 
puzzle.’ With his laboratory on one hand and the 
library on the other, he spent many years in the blissful 
state of fact-finding. Through temperament and train- 
ing, therefore, his approach to a given problem is sim- 
ple and straightforward. If a task is presented in a 
more or less unorganized state, he quietly sorts over its 
various aspects until it is clearly defined. His first pro- 
cedures are rarely highly technical. He is more than 
likely to depend upon his senses of smell, taste, and 
touch. As the investigation continues, his intensive 
concentration often renders him amusingly oblivious 
to surrounding circumstances. He is not even seri- 
ously affected by opposition and indifference in his as- 
sociates. He is primarily interested in his problem, and 
the persistent opposition and indifference which the 
problem itself offers to his efforts to solve it usually com- 
mand his entire attention. And yet, it is a matter of 
record that this type of individual, by these procedures, 
has solved the most profound problems in all of the 
succeeding generations of research workers. 

How does such an individual function in the modern 
successful organized research group? In order to an- 
swer this we must consider more carefully the organized 
group itself. 


EVOLUTION OF ORGANIZED GROUP RESEARCH 


The present social upheaval has brought about the 
transfer of many workers to laboratories where their 
efforts are directed exclusively toward the war effort. 
This rapid movement may tend to obscure another 
more gradual migration which has been in progress for 
more than two decades. The tendency toward greater 
application of scientific discoveries was evidenced in the 
developmeni of the Reichsanstalt in Germany during 
the latter part of the 19th century. Before the first 
World War the National Physical Laboratory in Great 
Britain, the Bureau of Standards in the United States, 
and the Laboratoire Central d’Electricité in France 
were in existence. Discoveries which were made in 
these institutions, and in many technical colleges or- 
ganized during the same period, found ready applica- 
tion in industry. Industrialists recognized the value of 
the more accurate standardization of their commodities 
and established ‘testing laboratories’ in their own 
plants. 

The successes of these ventures were not ends in 
themselves. From the accumulated data and experi- 
ence gradually emerged the realization that the financ- 
ing of the production of scientific facts may be a sound 
investment. Industrial fellowships were established in 
large numbers in our colleges and universities. The 
Mellon Institute was founded to further facilitate the 
application of scientific discoveries. In short, while in- 
dustrialists of the past generation created environments 
for group research, such as the Rockefeller Foundation 
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and the Carnegie Institution of Washington, industrial- 
ists of the present generation are erecting research lab- 
oratories where they may deal directly with the problems 
peculiar to their own raw materials and industrial pro- 
cedures. Within the last few years we have witnessed 
the erection of four government regional laboratories 
where, likewise, research is carried on upon an almost 
unprecedented scale. 


SUCCESSFUL ORGANIZED GROUP RESEARCH 


What of our individual research worker in this va- 
riety of new research environments, and of the proce- 
dures which we have believed to be so important for the 
success of his undertakings? 

In a few successful groups with which it has been my 
privilege to come into contact, there have been no ap- 
parent differences from the typical research worker of 
the past and his methods of procedure. For example, 
a new organic compound is prepared. Its existence 
suggests the possibility of other related compounds. 
Its usefulness justifies attempts to prepare them. A 
group of workers is assembled to carry out the extensive 
research involved, to make use of the assembled equip- 
ment and thus avoid unnecessary and costly duplica- 
tion, and to have the benefit of the advice of the chem- 
ist who made the original synthesis. While many 
highly specialized techniques may be involved, each 
worker is thoroughly cognizant of the problem as a 
whole. The members of the group work together for 
the purpose of solving the problems and their highest 
reward is the realization that their problems are suc- 
cessfully solved. In the research atmosphere which 
they create through their united efforts, the apparatus 
itself seems to catch the spirit of their endeavor and to 
reward their efforts with measurements of accuracy and 
precision. Surely such an organization has augmented 
the finest traditions of research and has not detracted 
from them in any degree! Although such organized 
groups are comparatively rare, they are exceedingly 
productive and this fact should encourage us to 
believe that, in current trends toward more highly 
organized group research, those with characteristics 
such as these will represent the final product in evolu- 
tion. 

If our observations are correct, we may conclude, 
therefore, that with all of the stress and strain of this 
revolutionary period, the characteristics of the indi- 
vidual research worker have remained much the same; 
that, in certain successfully organized research groups, 
these characteristics are retained by the members of 
the group; and that their effectiveness in fact finding is 
increased, not thwarted, by the unified endeavor. 


UNSUCCESSFUL ORGANIZED GROUP RESEARCH 


It is with regret that I must emphasize, by repeti- 
tion, the fact that such successful organized group re- 
search is comparatively rare. A very large number of 
laboratories now in operation have failed to capture 
and hold within their walls this true spirit of investiga- 
tion. In them we find that the directness, the simplic- 
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ity, the devotion to routine duties, and even the alert- 
ness so necessary to observation, analysis, and correct 
interpretation are compromised to an alarming degree. 
The importance of assuring more widespread success 
in group research endeavor justifies any attempt to 
analyze these failures. The procedures followed in 
organizing such laboratories have been so varied, how- 
ever, that such a task is complex. 








APPARATUS VS. PROBLEM SOLUTION 


One condition seems to exist in all laboratories which 
have failed to obtain the highest returns from organ- 
ized group research. The problem has been shifted 
from its necessary position of primary importance. The 
research workers are as a troupe of skilled actors with- 
out a coherent play. Under these conditions the activ- 
ities may take the most unexpected forms. Some 
groups turn toward lavish expenditures for equipment. 
In this case the end result may be either a museum of 
scientific apparatus, or a perpetual exhibition of the 
operation of elaborate instruments for the enlighten- 
ment and entertainment of those who are unable to 
buy them. There is probably no more saddening sight 
in the list of activities carried on in the name of research 
than that of a well-trained operator of an instrument, 
searching at random for material with which to display 
his machine; unless perhaps it is that of the individual 
who, confronted with a simple problem, gathers to- 
gether with great effort the available thermostats, elec- 
tric wire, photoelectric cells, and automatic recorders, 
assembling them in order to make indirect measure- 
ments which could have been made directly, and often 
more accurately, with immediately available apparatus. 

Such glorification of research equipment is possibly a 
phase of the more general enthusiasm for machines in 
a ‘‘Machine Age.” It is unquestionably a factor with 
which we must deal in attempting to maintain high 
standards of research. Group research has as one of its 
important assets the provision of good equipment not 
commonly available to the independent worker. The 
apparatus, however, must be kept in the position of a 
means to an end—the end the solution of problems. It 
must not be permitted to make the research worker its 
slave. Conditions such as we have described serve to 
remind us that a fine research spirit and creative en- 
deavor are often to be found in the most humble sur- 
roundings. 


DEPARTMENTALIZATION VS. PROBLEM SOLUTION 


As organized research groups become larger, they 
necessarily become departmentalized. The depart- 
ments, in turn, may represent a wide variety of tech- 
niques. Each department maintains its formal rela- 
tionship to the parent organization through executive 
officers, carries on the work falling within the scope of 
its staff and facilities, and, in addition, may also have a 
considerable burden in the form of maintaining inter- 
departmental relationships. Theoretically, such sec- 
ondary units within an organized research group facili- 
tate the actual experimental work and, in some in- 
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stances, they do function in this way. In other cases 
they seem to augment the complexities of group organ- 
ization instead of simplifying them, and thus produce 
distractions which prevent concentration upon the 
problems in hand. These complexities often operate to 
erect a barrier between the problem and the investiga- 
tor and thus prevent the direct approach so necessary 
to its proper solution. In its most serious form this or- 
ganization may assumie something of a military aspect 
and, at this juncture, we may have the advent of one 
of the most sinister enemies of productive research. 

I refer to the destructive power of intimidation which 
strikes periodically here .and there, always dulling the 
keen edge of investigational ability. Those who 
thoughtlessly intimidate should remember that the 
inner urge to search, analyze, compare, and perfect is 
a harder taskmaster than any yet known to man. 
When these inner lashings are supplemented by the 
lashings of intimidation, the result is frequently be- 
yond the limits of human endurance. More often, how- 
ever, as the lashings of intimidation increase in inten- 
sity, those within gradually subside and we have in the 
place of a free, creative worker, a research automaton. 
In current terminology he is called a ‘“‘yes man.” 

These are but two of the conditions in our current or- 
ganized research laboratories which would seem to have 
helped to bring about their failure to maintain high 
standards of research. In these specific instances we 
may conclude that when the useful device becomes an 
end in itself the research problem is neglected and the 
experimenter becomes its slave; and that the depart- 
mentalization of research groups often may defeat the 
very purpose for which they were formed—eventually 
hampering the work which they were created to pro- 
mote. 


CONCLUSIONS 


In this period of social unrest, those of us whose ener- 
gies are not used in actual combat have added to our 
daily tasks the careful consideration of how we may be 
helpful in the difficult task of reconstruction after the 
war. It would seem to be unlikely that many of us will 
be able to contribute through pondering over the gen- 
eral aspects of the problems. We shall probably ac- 
complish more by planning, as constructively as our 
understanding and opportunities will permit, in the 
fields of our immediate endeavor. 

At present our scientific laboratories throughout the 
land have the diminished but constant supply of re- 
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cruits from the academic front; later we shall have, in 
addition, the veterans from the battle front. The task 
of “keeping the house in order’’ rests with those of us 
who are on active research duty. : 

While it is the fervent wish of all of us that these and 
many other problems which are confronting us in this 
fourth decade of the 20th century had never, come to 
pass, we cannot escape their consequences; nor can we 
take lightly the responsibility of maintaining the heri- 
tage of free inquiry which was ours in the field of sci- 
entific research. 

Doctor Conant reminds us that history shows that it 
is not only modern totalitarian societies which put 
learning into a straight jacket, and recalls Gibbon’s 
classic description of the highly stratified society of 
Byzantium: 

“They held in their lifeless hand the riches of their fathers, 
without inheriting the spirit which had éreated the sacred patri- 
mony: they read, they praised, they compiled, but their languid 
souls seemed alike incapable of thought and action. In the re- 
volution of ten centuries, not a single discovery was made to exalt 
the dignity and promote the happiness of mankind.” 


If the fortunes of war continue to favor us it will be 
but a short time until our daily work will be again upon 
a peacetime basis. Through this important period of re- 
construction, may our vision be unclouded by the com- 
plexities of the rapidly changing order in research. May 
we remember that if the vigor of research activity is to 
be maintained, our interest in the problem must hold 
the place of primary importance and that when this 
interest is shifted, our research efforts are unorganized 
and, in this state, are doomed to failure. May we have 
with us constantly the realization that in the search for 
truth there is no place for compromise and expediency ; 
and that for the adoption of such measures neither the 
research workers of the past nor those of the present 
will be excused. 

May we be given the opportunity to build for the 
women chemists of the coming generations an environ- 
ment in which the pursuit of knowledge may continue; 
and may we look forward hopefully to the time when, 
in the course of their experiments, their findings may 
break away from the existing scheme of organized 
thought, and their problem appear in the unbelievable 
state of a tail wagging a dog. Unorganized, it may 
seem, but only momentarily; for the realization will 
soon follow that the new conception is a part of another 
and perhaps greater scheme of interdependent parts of 
which we have not dreamed. 


SIMPLE PROJECTS FOR BEGINNERS (Continued from page 137) 


ana sit through cheesecloth. The filtrate may be 
used to dye a skein of wet-out white wool yarn. Pre- 
serve the dry dyestuff. 


11. Fusible Alloy 
Melt in a crucible 10 g. of bismuth, 5 g. of lead, 


‘ 


and 2.5 g. each of tin and cadmium. When the fusion 
is complete, pour out into a shallow pasteboard box 
so as to form a flat strip about an inch wide and three 
or four inches long. This may be sawn into narrow 
strips for links on all sorts of contrivances which the 
student may devise. Melting point about 70-75°C. 
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"WHE author has found it easy to demonstrate that 

different liquids have different vapor pressures 
merely by placing a little liquid in a torricelli barometer! 
and measuring the drop of the mercury column. This, 
however, does not show the effect of temperature 
upon the vapor pressure. To show such an effect the 
author worked out a very satisfactory method de- 
scribed below. 
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The barometer, B, was made by sealing the end of a 
piece of glass tube, bending the open end, and con- 
necting it to a larger tube (made from a test tube) by 
means of a one-hole stopper. The larger tube served 
as a reservoir for the mercury into which the clean, 
dry mercury was introduced and shaken into the small 


1 Explained in many general chemistry tests. 





Temperature and Vapor Pressure 


A Classroom Demonstration 


ARTHUR W. DEVOR 
Adelphi College, Garden City, New York 





tubing. Of course, it was found somewhat difficult 
to eliminate all traces of air bubbles and the reading 
was usually from 1 to 5 mm. lower than the true at- 
mospheric pressure. 

The small tube was introduced into a specially pre- 
pared two-hole rubber stopper which also contained the 
thermometer, A. The stopper was then introduced 
into the 250-ml. pyrex suction flask, C, which was about 
half filled with distilled water, and adjusted for con- 
venience of observing temperature and pressure. The 
flask was equipped with a rubber tube, D, and screw 
clamp, E. The water in the pyrex suction flask was 
heated to boiling and boiled for about seven minutes to 
eliminate all the air. The flame was removed and the 
screw clamp closed carefully, while observing that the 
temperature of the water remained at 101 to 102°C. 
until the clamp was closed airtight. The flask was 
raised and then lowered into a beaker of boiling water 
(the barometer clamped loosely so that it was free to 
move up and down). All connections were kept wet to 
prevent air leaks. 

Temperatures and pressures were observed as shown 
in the table. 













Temp. Observed Pressure Accepted Pressure 
C63 (Mm. of Hg) (Mm. of Hg) 
99.4 737 744 
93.0 584 589 
82.5 389 393 
68.0 211 214 
60.0 148 149 
55.0 118 118 
50.0 91 93 
23.0 19 21 
10.4 9 9 


The length of the mercury column may be measured 
by placing two meter sticks (one in front and slightly 
to the side of the other) in front of the apparatus and 
sighting across to the top of each column of mercury 
so that the readings on both sticks are the same. The 
observed pressure is the difference between the upper 
and lower readings. 

It is interesting to students to check the observed 
temperature and pressure with accepted tables. It 
was found easy to explain why the column of mercury 
dropped and why the water continued to boil as the 
flask was cooled. 

The apparatus can also be used to illustrate Dalton’s 
law of partial pressure by introducing a certain volume 
of air into the flask, showing the increase in pressure 
due to the air pressure. Readings can be taken while 
raising the temperature. Other liquids could be used in 
place of water. The greatest errors are probably 
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caused by not measuring accurately the column of Hg, 
not correcting the temperature and the pressure, and 
by traces of volatile matter in the mercury. In spite 
of this, the results are fairly accurate. The reading 
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for atmospheric pressure should be checked with the 
reading of an accepted barometer before starting the 
demonstration. Boiling stones should be used to pre- 
vent superheating. 


Valence Angle of the Tetrahedral Carbon Atom 


W. E. BRITTIN 
University of Colorado, Boulder, Colorado 


ARIOUS methods of calculating the valence bond 
angle in the tetrahedral carbon atom have been 
proposed.’ ?»* Some of the geometric methods, al- 
though not essentially difficult, are somewhat lengthy 
and involved. The following vector method has peda- 
gogic appeal because of the natural way vectors lend 
themselves to the representation of directed quantities, 
and because of the simplicity of the elementary vector 
algebra used. 
Represent the valence bond directions by four unit 
vectors, 11, U2, U3, Us (See figure). Symmetry demands 
that the vector sum of the four vectors vanish: 


Uy + Ue + us + u& = 0 (1) 


By definition the scalar product of two unit vectors 
is equal to the cosine of the angle between them. Thus, 


cos a, t #j ie 
uel; = — , &IAL.644) () 
cossO=1i=7 


where a is the angle between the valence bonds. Take 
the scalar product of one of the unit vectors, ™ say, 
and equation (1), 


Uy-(u1 + te + Us + m4) = 0 (3) 


Uy + Ute Uys + tty = 0 
Then using relations (2) there results 
1+83cosa=0 (5) 


a = cos~! (—1/;) = 109° 28’ 16” (6) 
For students who have no knowledge of the proper- 
1 GompeRrT, G. L., J. CHEM. Epuc., 18, 336 (1941). 


2 Dore, W. H., ibid., 19, 29 (1942). 
3’ WEATHERILL, P. F., zbid., 19, 35 (1942). 
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Unit VEcToRS USED TO REPRESENT THE VALENCE Bonp Dr- 
RECTIONS 


ties of the scalar product, the following argument may 
be used: In order that the sum of the four vectors be 
zero, the sum of the components in any direction must 
be zero. Taking the sum of the z-components (see 
figure), one obtains, 


8a —-1=0 (7) 
But ; 
a =7/2+ sina (8) 
hence 
a = r/2 + sin! (1/,) = 109° 28’ 16” (9) 


OUT OF THE EDITOR’S BASKET (Continued from page 139) 


Asiatic nations with conscription should be made generally 
available to the citizens of this country before the matter comes 
to a vote, and while the arguments of the military departments 
should be given most careful consideration, the final decision 
must reflect the mature thought of the civilians of the United 
States. That is an American tradition which must be main- 


tained.” 
‘ 


In a petition on this subject which the Council sent 
to the President of the United States is the following 


paragraph which we think important enough to quote: 


“Should not compulsory military training be considered as one 
part of total national defense? A modern army needs more than 
reserves. It requires continuous research on the development 
of tools of warfare, maintained stockpiles of essential raw mate- 
rials, and adequate industrial producing capacity in a stand-by 
or easily convertible condition to provide the immense quantities 
of goods needed in combat. If we are to embark upon a pro- 
gram of manpower preparation for total war, should not all 
these problems be considered together?” 














ASST eT Bars Pee 5p 









epee 












Las: 





Ap RS 






cee ie 





a ee 






cabs 









NORPRO ANT Et 






Be eanening seene  nn 


Le Silay eh 







ae weeercnn 


Tg EL ARR OMT TI Hag, 4 HC: 








A NEW HOG CHOLERA VACCINE 


One of the greatest triumphs of the ‘Microbe Hunt- 
ers” was their conquest of the dread disease, hog chol- 
era. This patent represents another advance in pre- 
serving the lives of the ‘‘three little pigs” until they are 
old enough to be turned into pork chops. 

In the standard method of vaccination of hogs against 
hog cholera, hyperimmune serum and virus are ad- 
ministered at the same time. Appropriate amounts of 
each must be given. If too much virus is administered 
in relation to serum, disease may result; if too little, 
adequate protection will not develop. Proper balance 
of the two is hard to get because the virus vaccine now 
employed loses potency on standing. Short dating is 
used to circumvent this failing but this is of course 
wasteful and costly. 

The present patented process attempts to solve the 
difficulty by incorporating a finely divided adsorbing 
agent such as aluminum hydroxide into the vaccine. 
An amount is used such that part but not all of the virus 
from infected tissue or blood is adsorbed thereon. 
When such a partially adsorbed virus vaccine is injected 
into a susceptible hog, the free virus it contains is im- 
mediately available to initiate the immunizing process, 
while the gradual liberation of the adsorbed portion in- 
sures a continued low grade infection. 

One method of preparing the vaccine is to take the 
highly infectious spleen of a hog fully diseased with hog 
cholera, grind it in a colloid mill, and make it up toa 5 
per cent tissue suspension with sterile distilled water. 
This is cooled, cleared of large particles, and mixed with 
highly infectious virus blood. To the fluid thus pre- 
pared is added a solution of potash alum (potassium 
aluminum sulfate) until the pH of the mixture has 
reached a value of 5.2. The addition of the alum 
causes a brown precipitate to form. Phenol is also 
added to the mixture. After continuously shaking and 
keeping cold for 24 hours the vaccine is ready for use. 

No. 2,364,579. Ralph W. G. Wyckoff, Suffern, New 
York, assignor to Lederle Laboratories, Inc. 


PURIFYING FOSSIL RESINS OBTAINED FROM UTAH COAL 


Natural resins are very important ingredients used 
in the manufacture of varnishes. The present patent 
describes a method of purifying hard copal resins of the 
kauri type which occur as inclusions in various coals, 
notably the upper seams of Utah bituminous coal. 

The resins are scattered through the coal in small 
lumps, of sizes ranging from that of sand to walnut size. 
They vary in color from light yellow to deep red. In 
their natural state they are contaminated with waxes 


Recent Chemical Patents 


WILLIAM S. HILL 
Member, Examining Corps, United States Patent Office 
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and asphalts, and it is from these impurities that the 
following process effects a separation. 

First, the resin must be separated from the coal. 
The coal is crushed and screened, and the smaller pieces, 
which contain most of the resin, are subjected to a 
flotation process. Using tannic acid as a wetting agent, 
the coal is selectively wetted and sinks. The resin, 
along with some of the coal, is drawn off and subjected 
to another flotation process, using an inert salt with 
specific gravity adjusted between that of the coal and 
that of the resin. With the aid of the same wetting 
agent the coal again sinks, and the resin, together with 
wax and asphalt impurities, floats. 

The resin-wax mixture is further concentrated before 
the final process of obtaining the pure resin is begun. 
This final separation from waxes and asphalt is effected 
by dissolving the mixture in a liquid containing 70 per 
cent naphtha and 30 per cent ethyl alcohol. Then 
more alcohol is stirred in until the ratio of naphtha to 
alcohol is 60:40. This precipitates the asphalts, which 
are removed by filtering. The solution is then dis- 
tilled. When most of the naphtha and some of the 
alcohol have been driven off the high-melting-point 
resins are precipitated. These are also removed by 
filtration. Upon continuing the distillation the waxes 
are next precipitated and finally the low-melting-point 
resin. 

No. 2,364,090. Adriaan Nagelvoort, Salt Lake City, 
Utah. 


EXTRACTING MUSK MATERIALS FROM THE SCENT GLANDS 
OF THE MUSKRAT 


Musk, obtained from the scent glands of various 
animals such as the musk deer, is used as a base in many 
expensive perfumes. This is a method of similarly 
utilizing the muskrat. The fur is already used to make 
milady’s coat. Now we can use the scent to make a 
perfume which milady can use to attract a man to pay 
for the coat. 

Muskrat glands normally yield a material having a 
musk-like odor but it is present in such small amounts 
as to be of no commercial value. This process results 
in a greatly increased yield. The glands are first 
ground up and a considerable quantity of yellow oily 
liquid is expressed. The oil is continuously extracted 
with ether. Extract and expressed juices are combined 
and concentrated to a small volume by evaporation. 
The residue is treated with potassium hydroxide in 
boiling alcohol, which thereby saponifies the fats and 
complex esters. The fatty acids are neutralized and 
the alcohol then distilled from the saponified liquid. 
The residue is poured into water and separated into 
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acid and neutral fractions by extraction with ether or 
other suitable solvent. The water-soluble layer con- 
tains the salts of the saponified acids, while unsaponifi- 
ables are largely carried by the ether layer. Upon 
evaporation of the ether layer, a neutral musk oil of fine 
fragrance is obtained. The crude musk material con- 
sists essentially of the alcohols cyclopentadecanol and 
cycloheptadecanol. These may be transformed into 
ketones by one of the usual oxidation or dehydrogen- 
ation methods, such as oxidation with chromic acid or 
dehydrogenation by passing the vapors at high: tem- 
perature over a nickel or copper catalyst. 

The two ketones thus obtained have odors and prop- 
erties very similar to the ketones forming the essential 
part of musk from the musk deer and natural civet, and 
may be used in complete substitution for the latter. 

No. 2,364,041. Philip G. Stephens, ef al., assignors 
‘ to Burton T. Bush, Inc. 


MANUFACTURE OF LEAD IODIDE 


Lead iodide is a salt which is useful in the manufac- 
ture of ‘ethyl fluid.”” It has generally been prepared 
as in the laboratory, that is, by reaction between a 
soluble lead salt, such as the acetate or nitrate, and 
sodium or potassium iodide. The student will remem- 
ber the beautiful yellow crystals of lead iodide precipi- 
tated as a result of this reaction. 

However, the laboratory method is expensive. This 
improved commercial method is to pass a mixture of 
iodine vapor and an inert gas such as nitrogen or helium 
through molten lead. The inert gas is used as a diluent 
because the direct reaction between lead and iodine 
vapor is so highly exothermic as to be difficult of con- 
trol. 

No. 2,366,953. Harold A. Beatty, Grosse Pointe 
Farms, Michigan, assignor to Ethyl Corporation. 


MAKING SULFA DRUGS LESS TOXIC 


The sulfa-type drugs have been among the most 
powerful tools of the medical profession since the dawn 
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of scientific cure of disease. These drugs have been 
particularly valuable in destroying micro-organisms of 
the streptococcus variety and those causing pneumonia. 
At the same time much of the value of the sulfa drugs 
has been lost because of their toxic effect on the human 
system. In some cases this toxic effect has been so 
great that not enough of the drug could be given to 
effect a cure, and many persons to whom large amounts 
have had to be given as a last resort can attest to the 
violent reaction they have caused while effecting the 
cure. 

It is understood that the sulfa compounds have two 
distinct actions. One is their therapeutic effect, 
achieved through their action on the microorganisms, 
and the other is their toxic effect resulting from their 
poisoning action on the animal body. It would be a 
simple matter to modify the sulfa compounds so as to 
alter both their therapeutic action and their toxic 
effect. But it has proved more difficult to find a way to 
alter the harmful effect while leaving the beneficial 
action unchanged. 

The present inventors have found that administering 
a hexuronic acid or its salt along with the sulfa com- 
pound removes the toxic effect to a high degree but 
does not lessen the therapeutic effect. Hexuronic acids 
all have the general formula CHO(CHOH),COOH, 
the different acids being stereoisomers. The most 
important are glucuronic and galacturonic acids. The 
most important salts are the alkali and alkaline 
earth metal salts. The proportion of hexuronic acid to 
sulfa compound has been found to be not very critical. 
In general 1 to 50 parts of the acid or salt can be used 
for every 5 parts of the sulfa compound. 

Although the effect of the hexuronic acid is most pro- 
nounced when used with sulfanilamide it has been 
found to have good results varying slightly from the 
optimum with all members of the sulfa family. 

No. 2,366,742. Gustav J. Martin, et al., Great Neck, 
New York, assignors to William R. Warner and Com- 


pany. 
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nautical laboratory at Wright Field in its November- 
December number. ‘ 


The Imperial Oil Review (Imperial Oil Limited, 56 
Church St., Toronto, Ontario), the only Canadian 
periodical on our list. The Winter number, 1944, has 
several items of interest: A description of ‘‘North 
America’s first oil well,” in which we find that, 
‘Although Drake was the first to discover oil by drill- 


ing (in Pennsylvania), it was a Canadian who brought 
in the first oil well.” It goes on to tell how J. H. 
Williams excavated a well in 1858 in Western Ontario. 
“Man-made rubber’ is a description of Canadian 
efforts in the production of synthetic rubber. For 
ordinary, everyday interest, ‘“Northwest Passage. III” 
is hard to beat, with its account of the return voyage of 
the “St. Roch” from Sydney, N. S., to Vancouver, 
B. C., through the Arctic. 


*‘It is of the utmost importance that we make the most effective utilization possible 
of our scientific and professional groups in the reconversion period. We will need 
them then as we need them now.”’—Paul V. McNutt, Chairman of the War Manpower 


Commission 
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A DIAGRAM OF QUALITATIVE ANALYSIS 














| Solution in dilute nitric acid containing all the common basic constituents. | 
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FTER a student has become familiar with the 

theory and procedures of qualitative analysis it 
should be convenient for him to have a brief chart or 
diagram of the scheme for reference and better compre- 
hension. Following is shown such a diagram based 
on Noyes: “A Course of Instruction in the Qualita- 
tive Chemical Analysis of Inorganic Substances.” 
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For simplicity phosphate was assumed absent. 
Additions and operations are enclosed in rectangles. 
Precipitates and residues are indicated by full lines, 
while dotted lines represent solutions and filtrates. 
Where both emerge from a rectangle, a filtration was 
performed. Elements sought are underlined whe1 
detected and confirmed. 
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Tobias Lowitz 
3 —Discoverer of Basic Laboratory Methods 


HENRY M. LEICESTER 


College of Physicians and Surgeons, San Francisco, California 


HEMISTS who formulate great generalizations or 
discover new elements and important compounds 
are assured .of permanent fame in the history of their 
science. Equally valuable, though not so spectacular, 
is the work of the men who give us the laboratory 
techniques without which the more startling discoveries 
cannot be made. Such workers, though they may 
attain some recognition during their lifetimes, are 
usually completely forgotten by later generations of 
chemists, who use the techniques they have developed 
as routine procedures and give no thought to the ef- 
fort and skill required to initiate these methods. 

One of the outstanding contributors of basic labora- 
tory techniques was the now almost completely for- 
gotten Johann Tobias Lowitz, or, as he was known in 
St. Petersburg where he spent most of his life, Tovii 
Egorovich Lovits. Recognized when alive as a worthy 
successor to Lomonosov in Russian chemistry, he is 
now nearly unknown, and the efforts of Walden (12, 13) 
to restore to him some measure of fame are now so 
difficult to locate that they have failed to accomplish 
their purpose. 

Lowitz was born in 1757 in Géttingen, the son of 
Georg Moritz Lowitz, professor of mathematics in the 
University. In 1767 his father was called to St. Peters- 
burg as professor and member of the Imperial Academy 
of Sciences. At this time, the Academy was the sole 
center of scientific research in Russia (3). It had been 
founded by Peter the Great, and opened after his death 
in 1725. The original members were all foreigners and 
the foreign influence continued dominant for many 
years. Even by 1767, only such exceptional Russians 
as Lomonosov could hope to be members. The scien- 
tists who made up the Academy were active workers, 
and young Lowitz was thus brought up in a true scien- 
tific atmosphere. 

Among the most important activities of the Academy 
were the scientific expeditions which it sent all over 
Russia to study the nature and resources of the country. 
When Tobias was about 17, he accompanied his father 
on one of these expeditions to the shores of the Caspian 
Sea. At this time a great rebellion under the leader- 
ship of the Cossack Pugachev was raging in Southern 
Russia, and Lowitz and his father were captured by a 
band of rebels. The father was hanged, but the son 
succeeded in escaping and returned to St. Petersburg. 
The shock of this experience was so great that he seldom 
thereafter left the capital (4). 

In 1776 he became an apprentice at the Chief Court 
Apteka, or Apothecary Shop, and after a period of study 
in Gottingen, he returned as Assistant in the A pieka. 


These aptekas had preceded the Academy of Science 
as centers of scientific work in Russia. The first had 
been founded by an English apothecary, James French- 
man, in 1581, and for 200 years, most of the chemical 
processes carried on in Russia were under the control 
of the Court Apothecaries (1). The duties of Lowitz, 


Tosuk Eroposuy Jlo- 
Buy (1757—1804). 


Courtesy of Edgar Fahs Smith Memorial Collection, 
University of Pennsylvania 


Tosras Lowi1Tz 


both as Assistant and as Court Apothecary, which he 
soon became, had thus a long chemical tradition behind 
them to encourage his natural aptitude for chemical 
work. 

In the course of his work, Lowitz was called on to 
prepare and purify many chemicals, and he was active 
in chemical work, although at first he considered him- 
self a pharmacist. His early papers, published at this 
time, were signed “Tobias Lowitz, Pharmaceuticus.” 
At about this period he began to give instruction in 
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pharmacy and chemistry in the St. Petersburg hos- 
pitals. 

One of his duties at the A pieka was the preparation of 
large amounts of tartaric acid. He found it very dif- 
ficult to obtain pure, colorless solutions of this sub- 
stance. In 1785 (5) he began to seek a method for their 
purification. The phlogiston theory was then in full 
command of the thoughts of Russian chemists, and 
Lowitz, too, believed fully in it. He reasoned that the 
brown color of the tartaric acid solutions was due to oily 
material, rich in phlogiston, and he therefore looked 
for a substance with a strong affinity for the inflam- 
mable principle. It appeared to him that wood char- 
coal, since it did not give up phlogiston even when 
heated in a closed chamber with the highest degree of 
fire, might attract more phlogiston to itself if it came in 
contact with a suitable source. Since he assumed that 
heat liberated the phlogiston-containing impurities 
from tartaric acid, he added powdered charcoal to the 
brown solutions, heated, and then filtered them. The 
color was entirely removed. Thus the first discovery 
of the adsorptive power of charcoal and its practical 
application in the purification of substances was based 
on an incorrect theory, but once Lowitz had observed 
the fact, he extended his observations and applied his 
method in a variety of ways which perfectly illustrate 
his chemical genius. During all the rest of his active 
career, he continually returned to this subject, finding 
new applications and new methods of use. Moreover, 
nearly all the rest of his work can be traced in a direct 
line to this fundamental discovery. 

Several chemists who attempted to repeat his work 
used partly burned charcoal which still contained 
much tarry matter, and they reported that their final 
products were more impure than those with which 
they started. Lowitz quickly showed that if well- 
burned charcoal were used, his claims were fully sub- 
stantiated. He then applied his method to a great 
variety of substances, purifying acids, oils, alcoholic 
beverages, and many other preparations. He recom- 
mended purifying sugar syrups with it, and was thus a 
forerunner of the modern sugar-refining industry, and 
he noted that when honey was treated with charcoal, 
it lost all its characteristic taste, and could be “used 
for sweetening tea, coffee, punch, etc., without the 
least difference from sugar. I have recently had the 
honor of setting such tea sweetened with honey before 
the Imperial Free Economic Society at one of its 
meetings here, with the general approval of all the 
members” (6). He also tested sea water with charcoal 
and observed that the bitter taste was not removed. 
“This means, I believe, that the taste does not come 
from the earthy tar parts, but from the salts. The 
bituminous part would certainly be removed by the 
charcoal, the salts not’ (7). He advised rubbing the 
teeth and gums with charcoal to whiten and purify 
them and suggested its medical use internally. He pro- 
posed to use it as a hygrometer by heating it, weighing 
while hot, and allowing it to cool in the air. The gain 
in weight due to adsorbed moisture could then be deter- 
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mined. The discovery of the properties of charcoal was 
put to practical use in the sugar and whiskey indus- 
tries, and its application to the purification of drinking 
water was developed. In 1790, Lowitz published a 
book, ‘‘Anzeige Eines Neuen Mittels, Wasser Trinkbar 
zu Machen” (2). By 1794 the method was being used 
on a commercial scale in the water works industry and 
by the Russian Army on the Moldau (8). However, 
Lowitz did not receive full credit for his discovery, 
since in the same year the Economic Society awarded a 
prize to a certain Grachev for a purification process 
using a mixture of charcoal and ground rice (2). 

Lowitz was made a corresponding member of the 
Academy of Science in 1787, and an adjunct member in 
1790. In 1793 he became a full member and suc- 
ceeded to the chair of chemistry formerly held by 
Lomonosov. 

His second major discovery followed directly from 
his first. He used charcoal to purify vinegar, and by 
rectification of the purified product, he obtained nearly 
pure acetic acid. The great cold of the Russian winter 
had previously been used by chemists in their studies, 
notably for freezing mercury, and it is therefore not 
surprising that Lowitz was able to freeze acetic acid 
for the first time, and thus to bring about its complete 
purification. He determined the freezing point as 16° 
as against the present value of 16.5° and introduced 
the term “‘eisessig’’ for glacial acetic acid. During the 
work he noticed that at times the liquid could be cooled 
to 3° before solidification and rise in temperature took 
place. This led him to the study of supercooling, not 
only with pure substances but also in solutions, and he 
soon discovered the phenomenon of supersaturation in 
solutions. In 1795 he thus described the effect of in- 
oculating a supersaturated solution with a crystal of 
the dissolved substance: ‘‘When crystallization begins, 
it always takes place violently. There is a lively inner 
movement of the solution. The quietness which had 
been necessary up to this point is dispelled, and small 
crystals move up and down and swing around on all 
sides so that at the end there are unformed salt lumps 
instead of regular crystals. In some salts, rays of the 
salt suddenly coagulate evenly throughout the whole 
volume’”’ (9). 

By this work, his attention was drawn to studies of 
crystallization and crystal form. He discovered the 
hydrate NaCl-2H,O and was the first to crystallize 
sodium and potassium hydroxides, as well as a large 
number of salts. He was also the first to study and 
identify salts under the microscope. It was nearly a 
hundred years before this work was further developed 
by Behrens (2). 

From these investigations followed his studies on 
freezing mixtures. By mixing pure sodium or potas- 
sium hydroxide with snow he produced temperatures 
low enough to freeze mercury, and he was the first to 
recommend the use of calcium chloride in freezing 
mixtures. 

His studies with calcium chloride, which he obtained 
in anhydrous form, led to the preparation of anhydrous 
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ether and alcohol, which had never before been com- 
pletely dried. He gave the first table of the specific 
gravity of alcohol as a function of its water content (10). 
A number of his lesser studies were also offshoots of the 
main line of his scientific development. Thus, while 
working with acetic acid he first prepared trichloro- 
acetic acid, and his studies with caustic alkalies led to 
the development of a method for decomposing silicates 
with potassium hydroxide solutions. It is interesting 
to observe how all of his important later studies, no 
matter how apparently diverse, follow in a direct and 
logical way from his original discovery of adsorption by 
charcoal. 

The work on crystallization of salts aroused.in him a 
great interest in natural minerals, and their composi- 
tion. He worked with both strontium and chromium, 
but was anticipated by Klaproth and Vauquelin before 
he could announce his discovery, so that he was un- 
able to claim the discovery of a new element. His 
active career came*to an end as a result of his work on 
chromium, for in 1800, while studying this metal, he 
lost his left hand as the result of a laboratory accident 
(13). A long illness followed, and he never completed 
any further important work. He died in St. Petersburg 
in 1804. 

The scientific activities of Lowitz are not only an 
example of a brilliant and an active mind, which was 
able to see applications of a most varied character 
stemming from one fundamental piece of work, but 
they are also amazing for the number of basic laboratory 
techniques which they have given us. Lowitz him- 
self was not unaware of the importance of methods 
which are usually taken for granted by chemists. The 
spirit of his words, written in 1799, can still be applied 
today: “Chemists should help to make operations 
easy. The decomposition of mineral bodies is unques- 
tionably one of the most difficult and toilsome opera- 
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tions of chemistry, and from time to time it will become 
still more complicated and difficult as we gradually 
come to know more new individual components of 
minerals. Each newly discovered earth or metal 
rapidly gives rise to an increase in the operations needed 
for the study of other minerals. Since this is immedi- 
ately accompanied by a greater cost of time, it will 
finally happen that, due to his short span of life, 
one man alone will be able to examine only a few min- 
erals with the accuracy and patience needed to observe 
them. This evil result must infallibly lead us to fear 
that an ever-increasing delay in our progress in the 
study of nature will follow. This undesirable condi- 
tion could easily be prevented if more chemists would 
act in their work for the good of their profession, for 


‘the surely important object of easing and shortening 


operations, and finding new, or at least, useful methods 
for separations, or finding methods of investigation, 
things which they now seem to regard as trivial, and at 
once making these known and generally useful in some 
chemical journal. . .”’ (11). 
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EDITOR’S OUTLOOK 
(Continued from page 105) 


all respect and regard to the American soldier, from 
the Supreme Commander down, it has not been merely 
the spirit of our troops or the excellence of their leader- 


ship. Individually, and unit for unit, the German 
army has probably never been surpassed in its com- 
petence and discipline. What has permitted us to 
prevail is that we have been able to produce weapons 
and munitions as good as, if not better than, those of 
the enemy, and in greater quantity. And “produc- 
tion” is, after all, merely the outward expression of 
science and technology. 

The fundamentals of military tactics and logistics 
haven’t changed materially since the days of the Civil 
War, or those of Napoleon, except as science and tech- 
nology have brought new elements into the picture. 
Certainly one of the most important factors in our suc- 
cess in this war has been the development of our Air 
Force, which was the very direct result of science and 
technology in the form of aeronautical engineering. 
And this is not intended to minimize many other ele- 


ments which contributed to it. And ‘the few’ to 
whom so many owed so much, in the aerial battle of 
Britain, for all their valor would have been impotent 
without their superb Spitfires and, Hurricanes—the 
result of British science and technology. 

A thousand similar examples could be given. But 
who is going to keep us in the forefront of such develop- 
ment if we fail to start the training of our young men 
now? And when the war is over and we return to 
civilian life again the demands upon our science and 
technology are merely going to be greater. For we will 
be expected to be the source of technical help for the 
reconstruction of the whole world. Our technicians 
will be lured off to strange places, while at the same 
time our own industries and laboratories will be trying 
to expand. The laboratories of the government, of 
industry, of the independent institutions, all have plans 
for increasing their activities and their staffs. Where 
are the necessary men coming from? Why aren’t we 
doing something about it now? 
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Should Physics or Chemistry Come First?’ 


J. BARTON HOAG 
United States Coast Guard Academy, New London, Connecticut 


ROM actual experience we who teach chemistry and 
escse are continuously confronted with the fact 
that these subjects have grown so stupendously in the 
last few years that it is extremely difficult for the stu- 
dent to acquire in the first-year courses a really compre- 
hensive knowledge of the fundamentals of these sub- 
jects. Many attempts have been made by the various 
schools of our country to overcome this difficulty. One 
of these has been the introduction of survey courses. 
Here, less emphasis has been placed on detail and 
greater on relationships between the sciences. In con- 
trast, other schools have attempted to concentrate on 
selected topics. It is with this latter approach that I 
am in greater sympathy, at least for the first courses. 
I believe the survey idea fits better in the senior year of 
the college training. 

The selection of topics is of necessity dictated by the 
administrative atmosphere of the particular school. A 
technical school, for example, must select and emphasize 
the applied phases of science; an agricultural school 
must attempt to illustrate the fundamental principles 
by applications in botanical and horticultural fields; a 
college for women, such as Connecticut College, must 
emphasize the cultural aspects of science; and the 
United States Coast Guard Academy must teach the 
fundamental laws by means of applications taken 
directly from this service unit. 

However, there is a third means by which we in phys- 
ics and chemistry can cover the extensive topics of our 
general college courses. This consists of a closer coor- 
dination between the two departments and an elimina- 
tion of the overlapping material. 

I wish most emphatically to avoid raising any ques- 
tion as to which topic belongs strictly to chemistry or to 
physics. For example, both physicist and chemist need 
a clear knowledge of the nuclear atom. I realize that in 
the average college where the two departments operate 
in separate buildings and under separate budgets and 
with separate staffs, the question of priority to a par- 
ticular topic is sometimes of considerable importance. 
However, I wish to avoid such confusion. In fact, I ask 

1 Abstract of an address presented at the Sixth Annual Summer 


Conference, New England Association of Chemistry Teachers, 
New London, Connecticut, August 24, 1944. 


you to imagine that the physics and chemistry depart- 
ments have been fused into a single department and 
that the teaching staff is entirely free to order their ma- 
terial and select their topics without conflict between 
two departments. Such, indeed, is the fortunate situa- 
tion at the Coast Guard Academy. 

Now we are in a position to discuss the subject of 
“which should come first—physics or chemistry.” 
You will notice that the word “‘first’”’ is not used in the 
sense of relative importance of physics or chemistry, 
but refers to the sequence in which these topics are to 
be taught. 

In addition to having both physics and chemistry in 
one department, I wish to add one further qualification 
before presenting my analysis. I ask you to assume that 
all students in your school are required to take both 
beginning college physics and beginning college chem- 
istry. This is the case at the Coast Guard Academy. 

Let us ask ourselves why more students take chem- 
istry than physics in the usual liberal arts college. Here 
is a list of possible reasons or explanations for their 
choice: 


1. Theelementary chemistry course is less mathematical. 

2. The student knows by reputation that the chemistry 
course starts at his previous level of training, that it is fairly hard 
to learn, but not too hard, and that he has a chance of passing the 
course. 

8. His friends are taking the course. It’s the ‘“‘thing to do.” 

4. His parents recommend it. 

5. He dreams of fame and fortune through the discovery or 
invention he may make after mastering the subject matter. 

6. The chemists whom he has met are looked up to in the 
community in which he lives. 

7. There are a large number of commercial and teaching jobs 
ahead of him. 

8. A strong-minded counselor assures him that it is the best 
course he could possibly take. 

9. He received a better training in high-school chemistry, 
where the teacher was better prepared in subject matter and edu- 
cational matter than the physics teacher. As we all know, the 
football coach in a high school is sometimes called upon to teach 
physics. 


Some of these, perhaps all, form the pattern which 
arouses the student’s interest in chemistry and compels 
him to direct his efforts along this path first. Of on 
I believe the most important are: 
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1. The lack of the prerequisite of mathematics. 
2. The economic factor—that there are more jobs available to 
chemists than to physicists 


I believe that the future of our country will still 
demand many more chemists than physicists but that 
the physicists are due for a marked increase in the de- 
mand for their services. 

From the two major factors mentioned above, I con- 

clude that in a liberal arts school, chemistry should 
come first because it is essentially nonmathematical. 
However, in a technical school such as the Coast Guard 
Academy where mathematics starts as soon as the stu- 
dents arrive, I believe that physics may well come first. 
It then becomes possible to reduce the descriptive chem- 
istry (which is so admirably taught in our high schools) 
and concentrate on the underlying principles and to 
iwork the problems of chemistry. If physics in the 
technical s¢hool precedes the chemistry course, the stu- 
dent will already have had a thorough drill in the solu- 
tion of algebraic equations and it becomes possible to 
place the chemistry course on a much more rigorous 
foundation. In addition, in his physics course, the 
student will have learned how to manipulate instru- 
ments with his hands in the laboratory, how to increase 
the accuracy of his experiments, and how to discuss in- 
telligently the errors of his measurements. 

Assuming, then, that we are teaching in a technical 
school and that chemistry is to follow the physics 
course, what topics previously covered in the standard 
physics course can now be omitted from the chemistry 
course, permitting either increased drill of the regular 
chemistry or permitting additional material to be in- 
jected into the chemistry course? “I have no doubt 
that all of you have observed the increasing trend in 
chemistry toward the introduction in the general course 

joi more and more material of the physical chemistry 
type. Here, then, is a means for providing room for the 
instruction of more fundamental principles of chemistry 
such as atomic structure, kinetic theory, and gas laws, 
or for the better mastery by the student of the more 
purely chemical topics. 

I have gone through several standard textbooks of 
chemistry and selected the topics which are covered 
more or less thoroughly in the usual physics course. 
These do not need to be taught in the chemistry course 
if a physics course is a prerequisite. I ask you to re- 
member that I am not calling them either chemistry or 
physics, but merely pointing out that they constitute 
the overlapping topics in the two branches of science 
and, if presented in only one course, their omission will 
leave additional time for better teaching in the other 
course. 


TOPICS COMMON TO BOTH PHYSICS AND CHEMISTRY 


Mechanics 


1. Length, mass, and time; their units, the standards, tools 
for measurement, accuracy and errors. 

2 Density and specific gravity; definitions, examples, 
methods of measurements, solids and liquids. 

8. Pressure; definition, measurement, barometers. 
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4. Archimedes’ principle; correction for buoyancy in weigh- 
ing with an analytical balance. 
Pascal’s law. 
Boyle’s law. 
Dalton’s law. 
Conservation of energy. 
Viscosity; definition, units, measurement. 
Diffusion and osmosis; meaning of these words. 
Malleability, ductility, brittleness, toughness; meaning 
of. 
12. Tensile strength: Young’s modulus, stress, strain, their 
measurement. 
13. Surface tension; explanation of, measurement of, adhe- 
sion and cohesion. 


Heat 


1. Charles’ law. 

2. General gas law. 

3. Real gas laws. 

4. Temperature scales; absolute zero, absolute tempera- 
ture, conversion. 

5. Expansion; correction of barometer scale, anomalous ex- 
pansion of water. 

6. Vapor pressure; definition, variation with temp. 

7. Units of heat; B.t.u., calorie. 

8. Specific heats; definitions, solids and gases. 

9. Latent heat; definition. 

10. Calorimetric measurements; mixtures, flow. 

11. Brownian movement. 

12. Kinetic theory of matter; evidence, pressure of a gas, 
Boltzmann’s constant, equipartition of energy, Avogadro’s law. 

13. Evaporation: KT explanation, physical factors affecting 
its rate. 

14. Humidity; definitions of relative, absolute, and specific 
methods of measurement (hygrometry, dew-point apparatus). 

15. Triple point diagram; meaning of the words sublimation, 
melting, freezing, vaporization, liquefaction, boiling. 

16. Critical point. 

17. Thermodynamic surfaces; gas, unsaturated vapor, satur- 
ated vapor, solid phases, their changes with pressure and tem- 
perature change. 

18. Lowtemperatures; refrigeration, production of liquid air, 
physical properties of bodies at low temperatures. 


Light 


1 Spectrographs; prism, grating, wave length, frequency, 
wave number. 
2. Types of spectra; absorption, emission, line, continuous, 
spectral series (Balmer, Lyman, etc.). 
Excitation potentials. 
Polarized light; saccharimetry. 
Index of refraction; liquids and solids. | 
Color of a body. : 
Electromagnetic spectrum. 


Electricity 


1. Simple galvanic cells; construction, e. m. f., polarization. 

2. Electrical units; ampere, volt, ohm, watt, joule. 

3. Electrolysis: Faraday’s laws. Simple theory of ionization, 
definitions of: electrolysis, electrode, electrolyte, anode, cathode, 
the Faraday. 

4. Electromotive force; definition. Potentiometric measure- 
ment. 

5. Dielectric constant; definition, values, measurement. 

6. Thermoelectricity; materials, measurements, applications. 


Electron and Nuclear Physics 


1. Natural radioactivity; alpha and beta particles, gamma 
rays, electroscopes, disintegration laws, displacement laws, radio- 
active series. 





Artificial transmutations; machines, examples. 
The nuclear atom: Rutherford’s work, the Bohr atom, 
Isotopes: positive rays, mass spectrograph, heavy water. 
Gas dischargé: Crooke’s tubes, ionization potentials. 
X-rays: production, characteristics. 
. Moseley’s law. 
8. Space lattices: Bragg X-ray spectrometer, von Laue pat- 
terns, types of space lattices. 
9. Electron arrangements in atoms. 
10. Theelectron; charge, mass, wave length. 
11. Other entities; positron, neutron, photon, mesotron. 
12. Electron microscope. 


Without discussing the individual topics in detail I 
would, however, like to call your attention to a few of 
these items. In the subdivison of heat, item 12 refers 
to the kinetic theory of matter. The derivation of the 
equation for the pressure of a gas, namely, p = 1/3 
nm u?, requires the prior knowledge of the physical 
concept of momentum, impact, and energy. Similarly, 
throughout much of this same subject matter, the ana- 
lytical viewpoint can only be attained, and a full under- 
standing of the significance of the theory by mathema- 
tical means, when the student has prior kowledge of 
purely physical ideas. With the time restrictions so 
great on the chemical instruction, why not let this sub- 
ject matter be taught first in a physics course? 

In the section on electricity, items 2 and 3, the stu- 
dent, whether taking chemistry or physics, needs not 
only to know the definitions of ampere, volt, ohm, watt, 
and joule, but needs considerable practice in the use of 
these electrical quantities, such as drill in the use of 
Ohm’s law in circuit theory, before he can appreciate 
the electrochemical concepts. 

The section called electron and nuclear physics is, 
with the exception of two items, the work of physicists 
and was developed in physics laboratories. It is needed 
by the chemist but should be taught by those who ori- 
ginally developed these subjects. 

Chemists take things apart and put them together 
again. They need to know all about the “glue” that 
holds the atoms and molecules together. An under- 
standing of this ‘‘glue’’ necessitates a knowledge of the 
fundamental particles, the electrons, neutrons, and 
protons of the physicist. Why not let the physicists 
teach their own subject matter first? As chemists, you 
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then have the glorious opportunity of showing how use- 
ful this knowledge can be. 

In conclusion: I believe that chemistry should come 
first in the liberal arts college because it is less mathema- 
tical. I also believe that either chemistry or physics 
may come first in a technical school, but that the phy- 
sics-first sequence offers more advantages than chem- 
istry first. : 

The beginning courses are crowded with subject mat- 
ter. The attempt to alleviate this difficulty by (1) 
survey courses, or (2) by careful selection of topics can 
be, according to my plan, aided (3) by the elimination 
of those topics duplicated in the chemistry and physics 
courses. 


OFFICIAL BUSINESS 


229th Meeting—February 3, 1945 
Providence College 
Providence, Rhode Island 


THE 229th meeting of the N.E.A.C.T. was held at 
Providence College on February 3, 1945. The Very 
Reverend Frederick C. Foley, O.P.,- President of the 
College, extended the greetings of the College to the 
Association. Father Edward B. Halton, of the Physics 
Department, followed with a lecture and demonstra- 
tion of “Electrons at work.’ The morning program 
concluded with a lecture, ‘‘Present concepts of hetero- 
geneous catalysis,’ by W. W. Russell, Brown Uni- 
versity, Providence. After a short business session in 
the afternoon, Alonzo W. Quinn, of the Geology De- 
partment at Brown University, discussed the topic, 
“Strategic minerals of New England,” and J. Herbert 
Ward, Head of the Science Department of Providence 
Classical High School, spoke on ‘‘Why students in 
secondary schools should compete in the annual 
science talent search competition.”” Harold Farns- 
worth of Providence, who won honorable mention in 
the contest this year, described his project to the group. 


NEW MEMBER 


Leroy S. Moody, 122 Winsor Avenue, Watertown, Massachu- 
setts 


DEFINITELY NOT 


*‘Do you wish postwar colleges on a concentrated basis similar to that of the military 
trainees?’’ the University of Illinois asked 202 of its women and 131 of its men students. 


Eighty-nine per cent of those polled said ‘“‘no 


EDUCATIONAL CRIPPLES 


**By the end of 1945 there will be about 3,000,000 young people between the ages of 
14 and 22 who left school for employment during war years before reaching the age of 18 


and before completing high school,’’ says the National Child Labor Committee. 


This 


large army will present an educational problem of serious proportions after the war. 
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RECENT BOOKS 


BIBLIOGRAPHY OF SOLID ADSORBENTS. Victor R. Deiiz, Research 
Associate for the U. S. Cane Sugar Refiners at the National 
Bureau of Standards. A Contribution from the U. S. Cane 
Sugar Refiners and Bone Char Manufacturers and the Na- 
tional Bureau of Standards, Washington, D. C., 1944. Ixxxi + 
877 pp. 17.5 X 25.5cm. $12. 

This volume is the outcome of a literature survey undertaken 
in connection with a broad research program on the nature and 
uses of boneblack and other adsorbents. This investigation is 
sponsored by the United States sugar refiners and bone char manu- 
facturers and is being carried out at the National Bureau of 
Standards in accordance with its Research Associate Plan, under 
the supervision of Frederick Bates and the immediate leadership 
of the author. In an introductory text of 73 pages the theories 
concerning the nature of adsorption are briefly reviewed and the 
history of adsorbents and their applications is traced, from the 
earliest recorded use of boneblack as a pigment in Egypt in the 
year 2650 B.c. to the present day. Special attention is paid to 
bone char and vegetable carbons and to the part they have played 
in the development of sugar refining. The use of carbons for 
other purposes, such as gas or vapor adsorption, water purifica- 
tion, and solvent recovery, is also discussed, likewise the nature 
and uses of bleaching clays, diatomaceous earth, silica gel, ion 
exchangers, and adsorbents used in chromatography. Finally, 
brief descriptions of the sources and characteristics of domestic 
and foreign carbons and of other commercial adsorbents are pre- 
sented in the alphabetical order of trade names. 

This introductory chapter makes very interesting reading, not 
only because of the scholarly treatment of the scientific and 
technical aspects of the subject but also because the human side 
has not been neglected by the author. There are some delightful 
life sketches of the chemists and engineers who have played a 
prominent part in the development of the sugar-refining industry 
in the United States during the past hundred years or so. 

The bibliography proper, comprising 805 pages, contains 6002 
carefully prepared abstracts of scientific and technical articles on 
solid adsorbents which have appeared in the literature from 1900 
through 1942. It is divided into seven chapters, each headed 
by a brief introduction defining the arrangement and scope of 
the material considered in it. 

Chapter I (196 pages, 1386 abstracts) deals with the adsorption 
of gases and vapors on carbons, metals, inorganic compounds in- 
cluding zeolites, glass, quartz, silica gel, other porous oxides, 
clays, and soils; adsorption on textiles and organic materials in 
general is not considered unless the paper is of unusual interest. 
Chapter II (pages 197-348, 1105 abstracts), on adsorption from 
solutions, is subdivided: according to solvents, whether inorganic 
or organic, and according to adsorbents, whether carbon or non- 
carbon. Papers on ion exchangers and on chromatographic 
adsorption are also included in this chapter. Chapter III (pages 
349-373, 176 abstracts) takes up heats of adsorption and heats 
of wetting. Articles on the various theories of adsorption are 
abstracted in chapter IV (pages 375-431, 456 abstracts). Chapter 
V (pages 433-688, 1985 abstracts) takes up the uses of carbons 
and of miscellaneous adsorbents in the sugar and other industries, 
in medicine, pharmacy, and agriculture. Papers on carbon 
catalysts are also placed in this chapter. Reviews, general pa- 
pers, and articles on the chemical and physical properties of solid 
adsorbents and their determination are abstracted in chapter VI 
(pages 689-767, 624 abstracts). Chapter VII (pages 769-805, 
270 abstracts) deals with methods of preparation of carbons from 
animal, mineral, and vegetable sources. Complete author and 
subject indexes, with abundant cross references in the latter, 
greatly facilitate the practical use of the book, which provides 
the investigator in the field of adsorption and adsorbents with a 
gold mine of readily available information. 

The author makes no claim for completeness. 


Many articles 
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that are only of secondary or collateral interest have been omitted 
to save space. It is unfortunate that the patent literature had to 
be left out entirely, and it is hoped that the author will at some 
future date compile a companion volume of patent abstracts. 
Only a small number of typographical errors, usually in the 
spelling of foreign words, have been noticed. Paper, typography, 
atid binding are first class. The book is warmly recommended 
not only to those who are directly interested in the industries 
where solid adsorbents are used, but to researchers in this and 
allied fields. A need for it has been felt for a long time. 
F. W. ZERBAN 


New York SuGar TRADE LABorATORY, INC. 
New York City 


VALENCY: CLASSICAL AND MopERN. W. G. Palmer, Fellow of 
St. John’s College, Cambridge; University Lecturer in Chem- 
istry. The University Press, Cambridge, England, 1944. 
ix + 242 pp. 59 figs. 43 tables. 13.5 X 21.5cm. $2.50. 
The aim of this book on valence is set forth on its jacket: 

‘*The first four chapters present a compact elementary account of 

classical and modern conceptions of valency, suitable for the 

general reader and for students preparing for university examina- 
tions. The concluding chapters are more advanced; chapter five 
shows how the electronic theory is applied to the heavier elements 
and their principal compounds; and the last chapter is devoted 
to current developments, and theories still in their early stages.” 

The book is well organized and well written. The first chapter 
is a very interesting historical introduction. In some histories of 
chemistry, one gets the impression that the long delay in accept- 
ing Avogadro’s hypothesis (1811 to 1858) was due largely to 
ignorance. According to this book, it was due primarily to the 
opposition of Dalton and Berzelius. In spite of such eminent 
opposition, Dumas had accepted the hypothesis as early as 1827, 
and Prout by 1834 regarded it as proved! 

His rather unusual method of treating the subject is set forth 
by the author in these words: ‘‘It is intended in this Section to 
take the elucidation of structure as far as modern experimental 
methods will permit, but to defer presenting the solutions of the 
numerous problems so raised until after the discussion of the 
electronic theory in the later chapters. It is hoped that this 
separation will more clearly define both the problem and the 
current explanation, and by emphasizing the permanent insist- 
ence of the former and the power (and defects) of the latter lead 
to the clearer understanding of both.’”” This hope seems to be 
justified by the finished product. It is one of the best books in 
its field. The author’s attempt to explain quantum numbers 
and atomic orbitals without going into mathematical detail repre- 
sents a real advance in chemical education, His illustrations and 
examples are good. This one is particularly apt: ‘‘To the non- 
mathematical the conception of resonance hybrids is a difficult 
one, especially as there is no obvious manner of pictorial represen- 
tation. A very simple but crude analogy may prove helpful. 
Suppose a printer is asked to produce a handbill in green color, at 
short notice. He discovers to his consternation that he has ex- 
hausted his green ink but is well supplied with blue and yellow. 
He, therefore, carefully over-prints a blue bill with the yellow 
ink, and will, if his ‘registration’ is nice enough, not raise any 
doubts in his customer that the normal printing in green ink has 
been carried out.” 

This review provides an opportunity to register a protest 
against the habit the ‘‘English school” has of writing coordinate 
or dative bonds as if each atom involved were an ion. Professor 
Palmer even calls such covalent bonds by a new name, the 
“co-ionic” bond! The habitual writing of coordinate bonds with 
charges attached is cumbersome, misleading, and unnecessary. 
It is not helpful to the expert and is most certainly confusing to 
students. 
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The only fault this reviewer could find is not in the book itself, 
but in the statement on its jacket. ‘General readers” do not 
have sufficient background to read even the first four chapters. 
Seniors majoring in chemistry should have—in fact, the book 
might very well be used for part of a course in ‘‘advanced chemis- 
try’ to be given during the senior year. 

In the opinion of this reviewer the discussion of the heavier 
elements could have been a little more clear-cut if the author had 
not refused to abandon the Mendeleeff form of the periodic table 
for one based directly upon atomic structure [see THIS JOURNAL, 
20, 21 (1943)]. On the other hand, it was good to see an unequi- 
vocal discussion of the following covalent compounds which the 
reviewer has used for some time to disillusion students with re- 
gard to the sacredness of the octet theory: BeCl, BC, CCh, 
PF;, SFe, IF7, OsFs. The classical formulas for H2SO, and SO,~? 
are also supported, 7. e., twelve valence electrons around the sul- 
fur atom rather than eight. 

Every chemist (especially every teacher of chemistry) should 
buy this book, not only to read from cover to cover, but to make it 
part of his personal reference library. It is well worth its modest 


price. 
W. F. LupER 


NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 


CoMMERCIAL METHODS oF ANALysis. Foster Dee Snell and 
Frank M. Biffen. McGraw-Hill Book Company, Inc., New 
York, 1944. vii + 753 pp. 152 figs. 44 tables. 13-X 21 
cm. $6.00. 

This book fills a long-felt need. The senior author’s extensive 
experience as a teacher and director of a commercial laboratory 
was precisely the right combination to produce a book that will 
serve as a guide for students and also as an authoritative reference 
work for the practicing analyst. The authors have done their 
work well and the book can be recommended to both novice and 
experienced analysts. Any serious student will make this text- 
book a part of his permanent library. 

The preface tells the objective and method of the book. 
‘“‘Many meritorious and deservedly well-known textbooks have 
been published on theoretical analytical chemistry. This book 
has another purpose—to show the method of approach to analysis 
of the innumerable complex commercial products existing on the 
market today. Many of these are colloids, some are emulsions 
that may contain half a dozen ingredients besides water and oil, 
a majority contain organic as well as inorganic ingredients, and 
as unknown samples most of them would present problems ex- 
tremely difficult of solution by the inexperienced chemist. 
Standard methods have, in many cases, been introduced, though 
often not in the exact words of these methods. ... Simplifications 
have been adopted in some parts, and, what is more important, 
explanations of steps, the reason for which is not sufficiently 
clear, have been given.... Particular care has been taken to set 
forth in logical sequence the preliminary steps that necessarily 
precede the actual analysis of samples of unknown composition. 
Both in this and in subsequent procedure, an endeavor is made 
to clarify the meaning of each step and often to give the reason 
for it. This is to develop the inexperienced analyst into an ex- 
perienced one by logical methods. ... Methods are as simple and 
direct as possible, compatible with accuracy. Where data are 
available, limits of accuracy are discussed as to what is desirable 
or what is attainable for a particular type of sample, or sometimes 
for a particular application. The practical point of view of the 
commercial laboratory has been emphasized by methods that aim 
at general economy of time and materials without sacrificing 
reliability of results. A feature of the book is an attempt to set 
forth succinctly, frequently by stating the reactions involved, 
the methods of calculating the results of determinations in order 
to show reason for the formula given. ... Special methods have 
been included that have been found to be saving of both time and 
labor.... The useful new branch of qualitative analysis by spot 
tests is condensed to one chapter (30 pages).... Many of the 
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methods and ideas presented here have been developed and used 
over a period of two decades in commercial testing.’ 

The subject matter is divided into 39 chapters. Much of the 
print is small, so that actually the wealth of material is greater 
than appears from the number of pages. There is profuse cross 
reference, and generally to specific portions of the text rather 
than to general paragraphs or chapters. The reader will find 
here not only what he has a right to expect, namely discussion 
of the methods of examining waters, alloys, paints, cements, 
paper, soaps, gases, pigments, rubber, rotenone, etc., etc., but 
also modern methods for analyzing substances of recent impor- 
tance, such as synthetic plastics and synthetic elastomers. There 
is an excellent chapter on the preparation of indicators and re- 
agent solutions, and the standardization of the titrimetric solu- 
tions. The index is unusually complete. 

This is no cookbook, but rather a real guide and counsellor 
that makes very interesting and profitable reading. It is one of 
the books the reviewer would like to take with him if he were 
destined to be stranded in his laboratory. 

RapH E. OESPER 


UNIVERSITY OF CINCINNATI 
CINCINNATI, OHIO 


QUANTITATIVE CHEMICAL METHODS FOR ENGINEERING STU- 
DENTS. O. M. Smith and L. F. Sheerar, Professors of Chemical 
Engineering, Oklahoma Agricultural and Mechanical College, 
McGraw-Hill Book Company, Inc., New York, 1944. viii + 
118 pp. 22 figs. 21 X 28cm. $2.50. 

The authors indicate in the preface that this laboratory manual 
was written for a laboratory course for engineering students who 
have completed the freshman year of chemistry. They state that 
‘some of the aims of the book are: (1) To teach through the 
doing of a task which the student knows to be practical and in 
which he is interested and finds enjoyment. (2) To teach tech- 
niques in the use of the chemist’s tools, such as the analytical 
balance, volumetric equipment, and standardized solutions. 
These skills are developed in the exercises that deal with the 
analyses of fuels and water. (3) To add experiences and to assist 
the student to acquire skill in testing and analyzing those ma- 
terials which all engineers, regardless of branch, will be using in 
their professional work, which include the examination of fuels, 
gases, lubricants, metals, and alloys, and the corrosion resistance 
of materials. (4) To conduct experiments that illustrate and 
supplement the theoretical portions of a study of the chemistry 
of engineering materials.” 

The manual contains a section on detailed instructions for 
writing the reports, followed by a section entitled ‘‘An Introduc- 
tion to Chemical Literature.’’ The first exercise is a series of 
assignments which necessitate the use of the literature of chem- 
istry and engineering. The succeeding exercises are, in order: 
“Use of the Analytical Balance’; ‘‘Analysis of Water’’; ‘‘Proxi- 
mate Analysis of Coal’’; ‘‘Determination of the Heating Value of 
Coal, Oxygen Bomb”’; ‘‘Determination of the Heating Value of 
Coal, Peroxide Bomb”; ‘‘Gas Analysis”; ‘‘Distillation of Gaso- 
line and Similar Products”; ‘‘Flash and Fire Points”; ‘‘Viscosity 
of Oils”; ‘“The Alloys of Lead and Tin’; ‘‘Microscopical Exami- 
nation of Iron and Steel”; and ‘‘Corrosion of Metals.’”’ Dia- 
grams of apparatus are given where necessary and duplicate 
data sheets are included after each experiment. The writing is 
clear and the printing excellent. 

The reviewer found the experiments interesting, but doubts 
whether they represent much material which is not already cov- 
ered in approved chemical engineering curricula. Such courses 
usually include a course on library use as well as technical analysis. 
Some of the experiments are also covered in the usual physical 
chemistry courses. The situation in other engineering courses is 
quite different. If time can be found in such courses of study to 
include the material of this book, such time would be very well 


spent. 
ARTHUR A. VERNON 


NoRTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 
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Editors Outlooh 


ANY of our educational institutions are getting 
around to a serious attack on the problem of a 
rejuvenated teaching force after the war is over. It 
may safely be assumed that this problem will be doubly 
acute in technical fields like that of chemistry. ‘ Enough 
has been said, in these columns and elsewhere, to indi- 
cate a general belief that there will be a strong rush of 
students into such fields. Unfortunately, there isn’t 
any clear indication of a returning rush of qualified 
teachers. That point has been brought out in this 
column before, but it seems worth while to emphasize it 
again, for it must not be lost sight of. 

There is no reason to believe that chemistry will lose 
its place among the most important of the curricular 
subjects. Its contribution to general education and 
its position as the basis of one of our most widely em- 
ployed professions will see to that. Both the Army and 
the Navy, especially the latter, have given it a promi- 
nent place in their programs of college training. And 
the large part played by the chemical profession and 
the chemical industry in the maintenance of war pro- 
duction has made chemistry stand out particularly 
among the sciences. Young men, and women too, when 
they are choosing their future careers, will be more 
than ever impressed by the opportunities offered by the 
field of chemistry. All of these factors will most 
assuredly bring more students than ever into our classes 
when the war is over, and we had better be ready to 
receive them. 

I dare say that among the institutions which normally 
give first class instruction in chemistry, there is scarcely 
one which isn’t now too poorly staffed to meet its pres- 
ent teaching problems, to say nothing of those which 
will be met when a normal student body returns. 
Nearly all of the younger, most of the vigorous, and 
many of the best qualified members of the teaching 
staffs are now gone, either in the services or in war re- 
search organizations. It is wishful thinking to suppose 
that all of these will return when conditions are normal 
again. Splendid opportunities will open up for those 
who have left our colleges and universities, and we will 
indeed be fortunate if half of those return who are now 
on leave of absence. 

Meantime, there are no visible sources of replace- 
ment. With no graduate students during the last year 
or two there are no eligible instructors in sight. Nor 
is this situation likely to be remedied in the immediate 
future. So the prospect we face is one of a student body 


much larger than we have had previously, on the one 
hand, and a less-than-proportional increase in our in- 
struction force on the other. This prospect may well 
keep us awake nights if we take our teaching responsi- 
bilities very seriously, especially since there isn’t much 
we can do about it at the present time—at least not as 
long as the present selective service restrictions remain 
as they are. 

The one thing that we can do is to lay plans for the 
future. It should be our very first concern to encour- 
age and train new instructors when once our graduate 
students return to our universities. But even this will 
require more than a pious wish; something in the way 
of an active recruiting program may need to be in- 
stituted. Certainly we shall need to establish fellow- 
ships and scholarships with this express purpose in view. 
And finally we shall need to make the teaching pro- 
fession attractive enough to our young men to prevent 
their being enticed away by the lures of industry. This 
last necessity involves some attention to the economic 
side of the question, and is the rock upon which many a 
well-intended program has foundered. Teaching has 
never been a lucrative profession and very likely never 
will be. It has its other compensations, but compensa- 
tions which are too unstable to be dependable. 

But even the attraction of young men into the field 
of teaching will not be sufficient, for it will be several 
years before the crop is ripe and we shall need imme- 
diately a considerable number of more experienced men 
who can fill the more responsible teaching positions in 
our field. These will evidently have to be drawn at 
the expense of industry and the various research organi- 
zations, since a critical shortage of qualified manpower 
exists in those activities too and appears likely to con- 
tinue for some time to come. In other words, teaching 
will be in competition with competitors who have de- 
cided advantages, but unless our educational institu- 
tions find a way to overcome this handicap the training 
of our future chemists who are in such sore demand will 
be seriously interfered with. This problem is impor- 
tant enough to warrant a serious attack by all the 
parties concerned, which includes the educational in- 
stitutions, Government, and the chemical industries. 


F IS encouraging to note that strong forces are al- 
ready at work on the question which was raised in 
this column last month. The Education Committee 
of the House of Representatives recently established 
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66 ANDOLT”’ signifies a variety of things. To some 

it means the Landolt-Bérnstein ‘‘Physikalisch- 
chemische Tabellen’’; to some it recalls the classic text 
on the optical rotation of organic compounds; others 
think of his studies of molecular refraction; still others 
know him as the discoverer of the ‘‘clock’’ reaction 
(HIO; + H2SO;); many others consider his fastidious 
testing of the law of conservation of mass during chemi- 
cal reactions as one of the finest quantitative studies in 
the whole history of chemistry. 

Hans Heinrich Landolt was born at Ziirich on 
December 11, 1831. For many generations, the family 
had provided competent sons for the army and civil 
services. His parents died while he was quite young, 
and the boy was brought up by his grandparents. They 
encouraged his early interest in science and allowed 
him to set up a laboratory in the cellar. At 13 he was 
making fireworks; the usual damage to his hands and 
clothes resulted. More serious efforts followed, particu- 
larly because one of his companions was the son of Karl 
Léwig (1803-1890) professor of chemistry at the 
University of Ziirich.! The latter took a keen interest in 
Hans, and gave him private lessons in chemistry. 
Soon the youth was entertaining his friends with lec- 
tures accompanied by demonstrations. 

He entered the university and studied under Léwig 
for three years. His first paper appeared before he was 
20. It dealt with antimony methyl. In a second paper 
(1853) he published the important finding that the 
Sb(CHs;), group functions as a radical and combines 
with a number of negative materials to produce salts 
analogous to the corresponding ammonium and 
potassium compounds. 

Léwig succeeded Bunsen at Breslau in 1853, and took 
Landolt along as his assistant. Bunsen welcomed them 
and was so favorably impressed by the young man that 
he invited him to be his companion on an inspection of 
the famous salt mines at Wieliczka in Galicia. Lan- 
dolt’s doctoral thesis and the succeeding paper (1853) 
dealt with arsenic ethyls. These studies were clearly in- 
fluenced by Bunsen, whose masterful study of cacodyl 
compounds (1837 ff.) had made him an authority on 
the chemistry of the organic compounds of arsenic. At 
Breslau he found few opportunities to learn and 
develop, and Landolt accordingly entered the Uni- 
versity of Berlin. Mitscherlich and Rose were the 
chemical luminaries of the Prussian capital, but Lan- 
dolt was particularly fascinated by the lectures in 
physiology. He seriously considered going into bio- 
chemistry and sought Bunsen’s advice. ‘“‘Why do you 
wish to work with these smeary things; they certainly 


“1 Landolt paid tribute to his friend and mentor in the obituary 
published in Ber., 23, 905 (1890). 


offer no prospects. You would do far better to come to 
me at Heidelberg and work here in a clean, tidy fashion.” 
Consequently, in 1855 Landolt joined Bunsen, who was 
then at the threshold of the most fruitful period of his 
remarkable career. 

Landolt soon learned Bunsen’s methods of gas analy- 
sis and was entrusted with a study of the combustion 
products coming from the burner, which Bunsen had 
recently invented. Landolt also studied the electrolytic 
preparation of lithium, calcium, and other metals, 
whose salts were fused over the Bunsen burner.: Besides 
such instruction, his most valuable acquisition was the 
development of close friendship with the gifted young 
men then active in Heidelberg. Among these were 
Lothar Meyer, Roscoe, Kekulé, Beilstein, Carius, 
Lieben, Pebal, Volhard. In this atmosphere he had 
ample opportunity to ripen both his manual and mental 
abilities. 

At Léwig’s invitation, Landolt returned to Breslau 
to begin his teaching career. He habilitated as Pri- 
vatdozent in 1856 with an essay, ‘“The chemical proc- 
esses in the flame of illuminating gas.’”’ He had found it 
possible to analyze the flame by using a specially con- 
structed burner. The heavy hydrocarbons remain un- 
changed in the flame until they reach its upper por- 
tions, whereas hydrogen decreases rapidly and then in- 
creases, due to the action of free carbon on water vapor. 
Photometric measurements showed that the most 
luminous portion is just above the top of the dark cone. 
He gave successful, well-attended courses in physical 
chemistry and gas analysis. 

Due to the general adoption of Liebig’s methods of 
chemical instruction? there was a great demand for 
teachers to take charge of the new courses in which the 
laboratory work was to play a major role. Bischoff, the 
ordinarius at Bonn, was senescent, tired, and little in- 
clined to adopt the changing order of things. A special 
post was created, and Landolt, on Léwig’s suggestion, 
was appointed extraordinarius in organic chemistry. 
He began his new work in the fall of 1857. His labora- 
tory was a small room in the old palace. There were 
2 windows and 12 working places, which, before 
long, were forced to accommodate 30 students. 
The budget totalled 400 talers (1200 marks). Of this, 
120 talers went to the Diener (janitor-handyman), 90 
to the assistants, and 90 for gas and coal. The re- 
mainder was supposed to cover the cost of chemicals 
and apparatus, obviously an impossibility. Every 
year, after long negotiations, the authorities appropri- 
ated an extra amount that covered about half the in- 
evitable deficit; the rest was paid by Landolt out of his 
own pocket. 
~ 2 Ogsper, R. E., Tuts JouRNAL, 4, 1357 (1927). 
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Most of Landolt’s students were older than he. 
Bischoff’s health failed and Landolt was then obliged to 
take over the inorganic lectures with about 100 regis- 
trants, mostly medical students. The auditorium, 
which belonged to the botany department, held only 50, 
and consequently Landolt had to give each lecture 
twice, once in the morning and again in the afternoon. 
These miserable accommodations persisted almost 10 
years, but Landolt, young,’adaptable, and not demand- 
ing, endured his lot without complaint, comforted by 
the thought that many of his chemical colleagues at 
other schools were just as poorly housed. The picture 
suddenly changed when A. W. Hofmann was called to 
Bonn, from London where he had made a notable suc- 
cess. Funds were provided for a large new chemistry 
building. Before it was completed Hofmann accepted 
a call to Berlin, and, in his place, Kekulé was called 
from Ghent.* Landolt, who by this time had reached 
the rank of ordinarius, was given co-direction of the 
new building. They worked together in complete 
harmony. 

A number of studies on organic, inorganic, and 
analytical topics record Landolt’s indefatigable spirit 
for original investigation. His close friend, Beer, the 
well-known physicist whose specialty was optics, in- 
terested Landolt in the relation of chemical properties 
to refraction and dispersion of light. The studies on the 
refractive indices of liquid homologous compounds 
were the first of his long series of researches that gained 
for him a place of honor among those Who laid the 
foundations of physical chemistry. He invented the 
terms “molecular refraction’ and ‘‘refraction equiva- 
lent,’’ and, on the basis of a host of observations, worked 
out the relation of these constants for a number of 
isomers, metamers, polymers, and also determined the 
effect of substituents. He developed a simple but re- 
liable method of analyzing mixtures of liquids that differ 
markedly in refractive powers. Another instance of his 
concern with the relations between physical properties 
and chemical composition was exhibited in his study of 
the vapor tension of homologous compounds. His in- 
genious apparatus permitted these measurements with 
quite small quantities of material. A valuable con- 
tribution of this period was the method of determining 
phenol as tribromphenol, a procedure still in use. 

In 1869, Landolt was called to the newly founded 
technical uniyersity at Aachen as professor of inorganic 
and organic chemistry. He was allowed to plan, build, 
and furnish his laboratory. The 60 places were soon 
occupied, and when 4 years later, students had to be 
turned away, 1,000,000 marks were gladly authorized 
for an additional building. 

To a friend he wrote: ‘‘I try to embellish my lectures 
with as many experiments as possible and I have to de- 
vise many new ones and try them out; this consumes 
a lot of time. I have always been able to provide every 
lecture with interesting and useful demonstrations. If 
general chemistry is presented in purely theoretical lec- 


3 DARMSTAEDTER, L., AND R. E. OEsSPeR, THIS JOURNAL, 4, 
697 (1927). 
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tures, there is great danger of becoming boresome.”’ 
This credo was followed faithfully and many of the 
standard lecture demonstrations of today are due to 
Landolt. His richly illustrated lectures at Aachen were 
widely attended and an affirmative response to, ‘‘Is 
Landolt doing demonstrations today?” was invariably a 
signal for even nonregistrants to flock to his audi- 
torium. He was a skilled manipulator and seldom if 
ever failed. “If a demonstration goes wrong in my 
hands, I do not worry, but if an assistant bungles one, 
it makes me angry.’”’ One thing he could not endure— 
the mirror-like surfaces of his mercury baths must not 
be smudged with the finger prints of over-curious 
students. On entering the auditorium, his first move 
was to survey the lecture table; one glance was enough 
to disclose the damage. Once he declared: ‘“‘I see that 
the apparatus has been fingered and brought into dis- 
order; I cannot carry out the experiments today.’ 
When this remonstrance had only a _ temporary 
effect, he placed a barrier before the table, but it 
was opened after the lecture because he welcomed the 
stream of those who wished to see the setups closer. 
Never was he too busy to supplement his formal re- 
marks and answer the flood of questions that came from 
this after-audience. As a pupil of Bunsen’s, he natu- 
rally was a skilled glass-worker; much of the lecture 
equipment was his own handiwork. By means of a pro- 
jector he showed his audience such things as the evolu- 
tion of colored gases, the absorption of hydrogen by 
palladium, the liquefaction of gases in Faraday tubes, 
crystallizations, sublimations, etc. The Drummond 
lime light of his projection apparatus was a constant 
nuisance. It had an almost insatiable appetite for 
oxygen which, in those days, had to be prepared by 
chemical methods. The advent of electric lighting 
offered the possibility of relief. Landolt bought a 
dynamo in 1873 and after expending much time and 
effort finally produced a workable electrically illumi- 
nated projector that was the forerunner of the modern 
equipment. He also fitted his auditorium and es- 
pecially his lecture table with electric lighting fixtures. 
Only those who remember the inadequacy and incon- 
venience of gas lighting can really appreciate the im- 
portance of this advance. 

The preparation of liquid carbon dioxide was always 
a big day on the demonstration calendar. The Natterer 
compression pump was torn down a week before, 
cleaned, and tried out. Five collaborators were needed, 
including two laborers who spelled each other at the 
wheel. The yield was 200 to 300 grains of liquid. 
Landolt was the first to make carbon dioxide snow, as a 
lecture demonstration, by the now familiar method of 
allowing the liquid to evaporate into a cloth bag. 

He developed a simple method of determining mo- 
lecular weights from gas volumes. The volume of vapor 
obtained from a known weight of the sample was com- 
pared with that produced from a known weight of a 
standard, chloroform, for instance. A series of tubes 
containing different quantities of the standard were 
kept on hand, and the sample weight adjusted, accord- 
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ing to the suspected molecular weight, to give a volume 
of vapor equal to that of one of the standard tubes. 
Temperature and pressure corrections are not neces- 
sary in this method, which can be used effectively as a 
lecture experiment. He also devised the familiar 
demonstration in which equi-molar weights of liquids 
are introduced above the mercury in tubes of the same 
width standing in a mercury trough. When heated 
with steam, the mercury falls at different rates accord- 
ing to, the various vapor tensions, but soon the level be- 
comes the same in all of the tubes. 

In 1873 Landolt began his important fundamental 
studies of the rotation of polarized light. This field 
occupied his chief attention for quite a number of years. 
He amassed a wealth of experimental data from which 
he deduced several excellent general conclusions. This 
work was of great value to van’t Hoff and his suc- 
cessors in founding stereochemistry. The literature was 
scattered through many journals, and Landolt, acced- 
ing to the urgings of the readers of his excellent papers, 
consented to prepare a comprehensive treatment of the 
whole subject. The first edition of his classic book’ was 
published in 1879 and brought him an international 
reputation in both scientific and technical circles. His 
preoccupation with physical-chemical problems was 
remarkable in that era, when the outlook of the chemi- 
cal world was predominantly organic. When asked why 
he did not go with the current he replied: “I feel no 
need of increasing by one the number of organic 
chemists.” 

In 1880, Landolt accepted a call to Berlin as head of 
the chemistry department of the newly founded school 
of agriculture. His work on the determination of 
sugars was primarily responsible for this appointment. 
The next year the institute was raised to the rank of 
technical university and Landolt was elected its first 
rector. He filled this office with his usual quiet effi- 
ciency, maintaining the best of feeling within the 
faculty, and with the authorities responsible for appro- 
priations. The funds were generous, and Landolt could 
buy whatever apparatus he pleased. His special pride 
was his auditorium, whose blinds were operated hy- 
draulically. 

In 1883, with the collaboration of his colleague 
Richard Bérnstein (1852-1913), Landolt issued the 
first edition (560 pages) of the now famous ‘‘Physika- 
lisch-chemische Tabellen.”” This was an outgrowth of a 
few conversion tables that Landolt had published for 
the convenience of his students in physical chemistry. 
These proved so valuable that it seemed worth while to 
extend the scope by including a collection of physical 
constants. A distinctive feature was the inclusion of 
the literature reference for each set of data. The 
careful and conscientious labors of the authors were no 
small factor in the ultimate widespread success of this 
invaluable work. 

Landolt was one of the prime figures in the establish- 


4 The English translation by Robb and Veley ‘‘Handbook of 
the Polariscope and Its Practical Applications’’ was published in 
London in 1882. 
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mefit (1880) of the Zeitschrift fur Instrumentenkunde 
and he served as chairman of its executive board. It 
was generally acknowledged that he, in no small 
measure, was responsible for the remarkable advance in 
Germany of the production of scientific instruments. 
Naturally he was a prominent member of the com- 
mittee that planned the founding of the Physikalisch- 
technische Reichsanstalt, a national institute for test- 
ing precision equipment and for carrying out compre- 
hensive physical studies. He was an active member of 
its governing board until his death. 

The experimental labors of his Berlin laboratory 
dealt with a continuation of his study of optical rota- 
tion. He also carried out extensive investigations of the 
molecular refraction of organic liquids. Four papers 
were devoted to the iodine clock reaction, that is, the 
time period of the reaction between iodic and sulfurous 
acids. This ‘Landolt reaction” was one of his favorite 
lecture experiments, and the sudden appearance of the 
deep blue at exactly the predicted instant never failed 
to evoke applause. Such diverse topics as the life 
period of thiosulfuric acid in aqueous solution, and the 
effect of the electric current on sugar solutions show the 
range of his interests. Exact measurements with the 
polaristrobometer had long engaged his attention and 
he introduced many improvements, particularly in 
methods of illumination. He also developed formulas 
for calculating the specific rotation of a circularly 
polarizing material under a variety of conditions. 

Such achievements put him in the first rank of those 
who were primarily interested in physical-chemical 
phenomena. He was elected to the Prussian Academy 
in 1882 and his inaugural address dealt with the history 
of the studies concerning the relation of physical 
properties and chemical constitution. He closed with 
the prediction: ‘The time will come, and it cannot be 
far distant, when the light shed by modern physics will 
also begin to shine into chemistry. We may then hope 
that the latter will show achievements that will be the 
envy of later generations. At present we can do no 
more than bring up stones for the future building, and 
call to the attention of the rising generation of in- 
vestigators the tools with whose aid they will some time 
be able to erect a lofty and substantial edifice.”’ 

In May, 1887, a call came from Leipsic to succeed 
Wiedemann in the chair of physical chemistry. Lan- 
dolt, who refused because the laboratory did not suit 
him, suggested several others. Negotiations with these 
men came to nothing and Landolt was again ap- 
proached. Every possible inducement was held out to 
him, including the finest polarization equipment and 
the best cigars. His negative reply was not easy. This 
was the only professorship of its kind in Germany and 
he would have been free to devote almost his entire 
attention to his chosen field, instead of literally stealing 
time from his Sundays and holidays, since the rest of his 
week was taken up with inorganic lectures and con- 
ducting the analytical laboratory.’ His decision to re- 


5 Ostwald accepted the Leipsic post. See OrspEr, R. E., THIS 
JouRNAL, 21, 470 (1944). 
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main in Berlin was greeted with joy. A great testi- 
monial dinner was arranged and though he privately 
threatened to poison himself secretly on that day so 
that he need not appear, the occasion was a huge suc- 
‘cess. “I am certain that never again will I consent to a 
celebration in my honor, it gives me an indescribably 
unpleasant feeling. Those persons, who enjoy that sort 
of thing, must have a terrifically thick skin.” 

He now embarked on a number of studies, such as the 
nitrification of ammonium salts in the soil, and the 
vapor tension of fatty acids. After a critical examina- 
tion of the determination of melting points, he con- 
cluded that reliable results are only obtained by melt- 
ing and then freezing considerable amounts (20 grams 
at least) of the sample. 


In 1888, he accepted an invitation to participate in 
the revision of the old Graham-Otto ‘‘Lehrbuch.”’ 
After studying the situation, he decided that this was 
an opportunity to cover, in critical fashion, the whole 
subject of the relation of physical properties and chemi- 
cal constitution. He assembled a corps of expert col- 
laborators. Ten years passed before this monumental 
volume appeared® and by this time, so much that was 
fundamentally new and different had appeared, that 
much of the original manuscript had to be radically 
revised. 


Landolt’s election to the Academy of Sciences carried 
with it the privilege of giving courses in the University 
of Berlin. He became a full-time member of this 
faculty in 1891 when he succeeded Rammelsberg as pro- 
fessor of inorganic chemistry. Chemical Laboratory II 
was put in his charge and at once he remodeled it to 
serve the purposes of physical chemistry. A wide 
variety of research was begun, with particular empha- 
sis, of course, on various aspects of polarization, re- 
fraction, etc. In all, Landolt in his entire teaching 
career, supervised 65 doctorate dissertations. His own 
papers numbered around 80. A second edition of the 
‘“Tabellen’’ was issued in 1894; its extended scope re- 
quired the collaboration of 15 carefully selected men. 
The third edition (1905) was still larger and the staff 
numbered 45. This was the last edition in which Lan- 
dolt took an active part, but his interest in this monu- 
mental work never flagged. Bornstein wrote: “Our 
joint labors and many conferences on this matter have 
left me the very fond memory of an exceptionally fine 
and good gentleman of the highest reliability.” An en- 
tirely revised edition of the text ori optical activity was 
published in 1898. Here, too, Landolt drew on the 
services of a corps of competent coworkers.’ 

In 1890 Landolt began a series of measurements that 
earned him a place in the chemical hall of fame. Inter- 
mittently he worked on this problem for the next 20 


6 “Lehrbuch der Physikalischen und Theoretischen Chemie,” 
8rd. edition, by A. HorstMANN, H. LANDOLT, AND A. WINKEL- 
MANN. Part3. Edited by H. LANDOLT. Brunswick, 1898. 

7 This was translated by Long and published at Easton i in 1902 
with the title: ‘‘The Optical Rotating Power of Organic Sub- 
stances and Its Practical Applications.” 
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years, and the final report was édited atid issued after 
his death.® 

Prout’s hypothesis leads to the conclusion ‘that the 
atomic weights of all elements should be exact multiples 
of that of the prime substance, hydrogen. Its failure in 
many cases has now been adequately explained. How- 
ever, in 1890, fractional atomic weights were thought 
by some to be due to luminiferous ether combined with 
or adsorbed on the atom. Others attributed this effect 
to adhesion of fragments of atoms. In any event, the 
quantity of these extraneous materials would probably 
not remain constant during chemical reactions, and 
hence, assuming that these materials could pass through 
the walls of sealed vessels, it followed that the law of 
conservation of mass might not hold perfectly. Though 
this law had been taken as axiomatic since antiquity, 
and particularly since Lavoisier’s formulation of it, 
authoritative experimental validation was lacking. 
Even though studies such as Stas’ synthesis of silver 
halides could be taken as proof of the validity of the 
“Lavoisier” law, yet the inevitable deviations he ob- 
tained were ascribed to experimental error, impure 
reagents, etc. In other words, studies designed ex- 
pressly to test the law of conservation of mass were 
needed, and Landolt was singularly fitted for this task. 
“‘He had everything that could ensure success: energy 
and pertinacity in pursuing an objective, extreme con- 
scientiousness, extraordinary experimental skill, a gift 
for devising all sorts of aids, an unprejudiced sense for 
seeking only the truth, and, in addition, an equable 
temperament, which kept him on the proper path, 
despite the numerous diversions inherent in such deli- 
cate studies.”’ 

From 1890 to 1892, Landolt carried out a number of 
reactions in sealed vessels. No decided changes in 
weight were detected. Others then carried out similar 
studies, and they, like Landolt, found that most of the 
minute deviations were in the direction of loss of weight. 
Were these fairly consistent results due to experimental 
errors or did they have a fundamental significance? 
Landolt in a second period of this study>(1902 to 1905) 
introduced every conceivable improvement. The main 
point was to secure a balance of unquestioned relia- 
bility and sensitivity. This instrument was finally con- 
structed by Rueprecht of Vienna, and embodied the 
suggestions which were the fruit of Landolt’s years of 
experience with precision instruments. It was set up 
in Landolt’s laboratory, where he soon found that the 
traffic vibrations compelled him to use it only in the 
quiet hours of the night.® It is reported that he made 
no fewer than 27,700 telescope readings during his test- 
ing of this magnificent instrument, whose maximum 
error he found to be +0.03 mg. The changes in weight, 
though, smaller than in the first period, were still pre- 
dominantly negative. The third period (1906 to 1907) 


8 “(jber die Erhaltung der Masse bei chemischen Umsetzungen.”’ 
Nach dem Tode des Verfassers aus dessen Nachlass ver6ffentlicht 
von W. Marckwald. Abhdl. d. Akad. d. Wissenschaften, Berlin, 


1910. 158 pp. 
9 OrsPER, R. E., THIS JOURNAL, 17, 312 (1940) gives pictures 
of this balance and the reaction vessels. 
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showed eventually that the heat of reaction removed 
part of the moisture adhering to the walls of the reac- 
tion vessel, which in addition expanded slightly. The 
moisture film was reéstablished in two or three days, 
the original volume was attained only after as many 
weeks. The net finding*was that the change in weight, 
if any, was less than the maximum experimental error, 
or of the order of one part in ten millions.!° 

The strain of these arduous labors told on his health. 
He wished to retire, but hoped to complete his program 
with his beloved new balance. A strenuous medical 
treatment brought temporary relief from a complicated 
set of ailments. ‘‘Now I can again smoke my eight 
cigars every day, and have my pint of Pomeril, 7. e¢., 
alcohol-free apple juice, every evening.” A relapse 
came soon, and a major operation was declared impera- 
tive, a serious matter at his age. “If that is the way 
things are, I want to smoke a particularly good cigar 
just beforehand”’ and he specified the brand that was to 
be brought to him. In May, 1901, his gall bladder was 
removed, together with three large stones. By Sep- 
tember he was back in his laboratory. To Rueprecht 
he wrote: “I am now insured against gall stones for 
the rest of my life, and I look forward to a healthy 
evening of life. I again smoke eight or nine cigars a 
day, including three imported ones, and I notice not the 
slightest trace of harm.’’ His inordinate love for cigars 
is apparent in many of his letters. Commenting on the 
suicide of an eminent colleague he wrote: ‘‘How can 
anyone be so unscientific as to hang or shoot himself? 
A chemist would certainly take prussic acid, best in the 
form of maraschino. For my part, for the past 60 
years I have been trying to poison myself with nicotine, 
and I shall certainly succeed some day.” 

From 1897 on, Landolt took a prominent part in the 
affairs of the German Chemical Society; in 1896 and 
1899 he was its president. He was a member of the 
publication board of the Berichte for more than 25 
years, an onerous post at best. In 1897 he headed the 
Society’s commission on atomic weights, and carried on 
the extensive correspondence that eventually led to the 
establishment of the International Committee on 
Atomic Weights.1! 

10 For a critical review of the testing of the law of conserva- 
tion of mass see FREUND, S., ‘‘The Study of Chemical Composi- 
tion,’’ Cambridge, 1904, pp. 61-75; 101-106. Actual data ob- 
tained by Landolt are given there. His summary was: ‘‘None of 
the reactions employed show a certain change of weight. If such 
changes should after all occur, they must be so small as to be of 
no practical importance to the chemist.” 


11 OgspeR, R. E., THis JOURNAL, 17, 562 (1940). 
Lanvovt, H., Ber., 40, 4627 (1908). 


See also 
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Landolt relinquished his professorship in 1905; 
he was succeeded by Nernst. A great gold medal was 
struck and presented at the ceremonial retirement 
dinner. Among his honors weré numerous orders, and 
membership in the Royal Society and the Academy at 
St. Petersburg. Like Bunsen, he practically never 
wore his ribbons and regalia. In the spring of 1906, 
Landolt moved his equipment, and as soon as possible 
continued his weighings. He wrote: “At times I regret 
that I have completely hung the schoolmaster on the 
hook. I am now working in the Physikalische Reichs- 
anstalt. I cannot use an assistant for the delicate 
weighings, and so things move forward: but slowly.” 
His health broke again, but nonetheless he persisted in 
composing the extensive manuscript of the first paper 
on the conservation of mass. “This cost me much 
trouble, because I had to write it during an attack of 
influenza.’ His results were attacked by Zenghelis, of 
Athens, who thought he had proved that vapors 
escaped through the glass walls during exothermic reac- 
tions. Landolt’s last paper embodied his refutation of 
this claim. 

Landolt and his wife had always thought the years 
in Bonn were the best they had spent together. How- 
ever, his plan to live out the rest of his life there was 
never realized. Recurrent illnesses were interspersed 
with periods when he could work. During his last 
days, despite terrific pains, he refused hypodermic in- 
jections of morphine because he wished his mind to re- 
main clear. He dictated explicit directions about what 
was to be included or omitted from the final report on 
his great work, which he held most precious and which 
he wished to leave in the best possible form as his heri- 
tage to the scientific world. 

The end came on March 15, 1910. His remains, in 
accordance with his wish, were buried in the old 
cemetery at Bonn. Among his neighbors in this lovely 
God’s acre are Beethoven’s parents, Clara and Robert 
Schumann, Pliicker the physicist, and Mohr the 
chemist. !? 

Material for this paper has been taken from biogra- 
phies of Landolt by (1) W. Marcxwa Lp, Chem. Zig., 
34, 297(1910); (2) H. C. Jones, Am. Chem. J., 43, 425 
(1910); (8) H. T. C., J. Chem. Soc., 1911T, 1653; and 
especially (4) R. PripraM, Ber., 44, 3337 (1911), which 
contains a complete bibliography of Landolt’s publica- 
tions, including the doctorate theses prepared under his 
supervision. ° 


12 OrsPpER, R. E., THIS JOURNAL, 4, 1357 (1927). 


**There has been too much disposition on the part of businessmen to look on educa- 
tors as impractical theorists who don’t know the value of a dollar and on the part of edu- 
cators to regard businessmen as a bunch of penny-pinching skinflints.”°—Ralph 
Bradford, General Manager, U. S. Chamber of Commerce, in the preface to ‘‘Education 
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ECAUSE catalysts alter the speeds and the courses 
of chemical reactions, catalysis occupies a strategic 
position in many fields of chemistry. 

The chemical industry was quick to realize the enor- 
mous advantages to be gained by the use of proper cata- 
lysts which would cause a chemical reaction to proceed 
to equilibrium often in a period of seconds rather than 
hours or days, and at lower temperatures with the 
formation of purer products. Among the more impor- 
tant industrial applications of catalysis these come to 
mind: the synthesis of ammonia from the elements 
over active iron; the contact sulfuric acid process em- 
ploying platinum or vanadium catalysts; the produc- 
tion of methanol and synthetic gasolines from carbon 
monoxide and hydrogen over such oxide mixtures as 
zinc, copper, cobalt, chromium, and iron; the cata- 
lytic hydrogenation of coals, tars, oils, and fats, the 
various polymerization processes for resins and syn- 
thetic rubber; the catalytic cracking of petroleum to 
produce aviation gasoline, such as the revolutionary 
fluid catalyst process; and many other processes. 
Although great progress has been made in the industrial 
applications of catalysis, detailed reports of such 
progress are slow in finding their way into any literature 
except .that of patents, even in peace times, and at 
present naturally more secrecy than usual prevails. 
It is to be expected that prevalent ideas about cata- 
lysis, therefore, may be subject to clarification and re- 
vision when wartime restrictions are lifted. 

It is unfortunate that in spite of much study the 
applications of catalysis remain largely empirical since 
practice continues to run far ahead of theory. This has 
not been due to any lack in the number of theories ad- 
vanced but probably to the very widespread participa- 
tion of catalytic phenomena in all sorts of chemical and 
biological processes and in part to an unfortunate 
tendency to see in catalysis something mysterious and 
unexplainable in terms of the usual reaction kinetics. 
A satisfactory theory of catalysis should enable pre- 
dictions to be made which will be verifiable by experi- 
ment and should afford answers to such questions as 
these: How does a catalyst alter the speed or the 
course of a chemical reaction? What physical and 
chemical properties characterize catalysts? 

It is the present tendency to broaden somewhat the 
classical definition due to Ostwald who stated: “A 
catalyst is any substance which alters the velocity of a 
chemical reaction without appearing in the end prod- 
ucts.’’ Thus it is now considered that a catalyst may 
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or may not change the course of a reaction, may or may 
not be used up in the reaction, and may or may not 
participate stoichiometricaily. 

It is convenient to divide the subject of catalysis 
into two parts, namely homogeneous catalysis in which 
catalyst and reactants are in the same phase, e. g., acid- 
base catalysis, and heterogeneous catalysis in which 
catalyst and reactants are in different phases. These 
two branches of catalysis are not closely related and the 
present discussion will be concerned with solid catalysts 
and gaseous or liquid reactants, therefore, primarily, 
with a two-dimensional surface chemistry. ; 

In a heterogeneous catalytic process the speed of 
chemical action is enhanced only at the catalyst sur- 
face, so that the catalytic effect is sharply localized. 
However, a sequence of processes is involved in practice 
in any such reaction such as: (qa) the diffusion of gas- 
eous or liquid reactants up to the catalyst surface, (d) 
association of the reactants with the surface, (c) chemi- 
cal reaction on the catalyst surface, (d) dissociation of 
the products from the surface, (e) diffusion of the 
products away from the catalyst. Assuming that the 
speeds of these five successive steps are different, only 
the speed of the slowest will be ordinarily measured ex- 
perimentally. Different theories of catalysis have em- 
phasized the importance of various steps, however, only 
(b), (c), and (d) will be directly influenced by the 
catalyst. 

As a means of best explaining the vast amount of ex- 
perimental work which he has contributed to the field of 
catalysis and as means of predicting catalytic activity, 
Ipatieff has developed a chemical theory of catalysis. 
Accordingly, catalysis proceeds through the formation 
of intermediate chemical compounds with the catalyst. 
For example, catalysts which dehydrogenate alcohol 
are those metals which can easily decompose water, so 
that the catalysis involves a repeated alternate oxida- 
tion of the metal catalyst by water, and its reduction 
by the alcohol which is thereby oxidized to aldehyde. 

Ipatieff also considers that a catalyst may act as a 
transformer of heat energy into chemical activity, but 
chemical properties of the catalyst and of compounds 
formed with the catalyst in preparation and in use, 
rather than its physical characteristics, are to him the 
important criteria in selecting a catalyst for a given 
reaction and in explaining the reaction mechanism. 
Sabatier and his coworkers also made use of the idea 
of intermediate compounds on and with the catalyst, 
e. g., metallic hydrides in hydrogenations, to explain 
catalytic reactions. Rideal has recently extended 
Sabatier’s theories. 

According’ to classical kinetic theory the speed of a 
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simple reaction proceeding at a catalyst surface may 
be formulated as: 
Velocity = k X e—E/RT 


in which e is the base of natural logarithms, R is the gas 
constant, and T the absolute temperature. The activa- 
tion energy E has been variously defined but is perhaps 
most simply considered as the energy which a reactant 
molecule has to acquire before it can participate in the 
chemical reaction. Thus the term e~*/*" gives the 
fraction of the total molecules which possesses the req- 
uisite energy to react. Since £ is a negative exponen- 
tial term it appears that if a catalyst can reduce the 
value of E the reaction speed may be'greatly increased. 
For example a reduction of activation energy at about 
room temperature from 30 k. cal. to 25k. cal. would in- 
crease the reaction velocity nearly 3000 times. The 
term k, which is sometimes called the collision number, 
and which must have the dimensions of a frequency, is 
probably a composite of all the other factors which 
can influence reaction velocity, such as reactant con- 
centration, rates of collision, orientation factors, energy 
transfer, reaction probabilities, and the like. 

This k term is also subject to catalytic influence, 
primarily because the extent of the catalyst surface can 
affect reactant concentrations and the quality of the 
catalyst surface may influence reactant orientation and 
energy transfer. 

Largely due to extensive studies of the kinetics of 
catalytic reactions and of adsorption phenomena on 
catalysts, aided by the use of isotopes of such elements 
as H, O, C, N, and S, and also due to the rapid develop- 
ments in quantum mechanics, statistical mechanics, 
and the consequent better understanding of the nature 
of chemical bonds, physico-chemical theories of cataly- 
sis are now widely accepted. Some of these current 
theories will now be considered. 

Because of the great speed with which many ionic 
reactions occur, for example in solution, it has been 
tempting to consider an ionic mechanism for reactions 
at solid catalyst surfaces. Among others, Schmidt (1) 
and Nyrop (2) have supported such theories. Energy 
for the ionization of reactant molecules has been 
assumed to come from the kinetic energy of free elec- 
trons present in the catalyst. Although it seems 
pretty generally agreed that this energy is substantially 
unavailable for such proposed ionization, such theories 
have their adherents. 

The finding that the spin isomerization of hydrogen is 
catalyzed at very low temperatures by inhomogeneous 
magnetic fields such as exist near paramagnetic ions or 
molecules has served to focus interest on the relation of 
magnetism to catalysis. Thus it is found that at the 
temperature of liquid air ortho hydrogen molecules, 
with proton spins the same, are rapidly converted into 
para molecules, with proton spins opposed, in the 
presence of paramagnetic substances (3) such as chromic 
oxide gel, zinc chromite, manganous chloride, iron syn- 
thetic ammonia catalysts, and paramagnetic rare earth 
oxides of gadolinium and neodymium. The chemically 
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similar but diamagnetic lanthanum oxide is almost 
without activity. The apparently anomalous behavior 
of diamagnetic charcoal in catalyzing the ortho-para 
hydrogen reaction has been explained by assuming 
magnetic dipoles on its surface and, therefore, a sur- 
face paramagnetism. 

Turkevich and Selwood (4) studied the ortho-to- 
para hydrogen conversion at low temperatures over 
active zinc oxide (slightly paramagnetic), the solid free 
radical a,a-diphenyl-8-picrylhydrazyl (to produce an 
inhomogeneous magnetic field), and an intimate mix- 
ture of these two solids. Conversion proved to be very 
slow at liquid air temperature on either solid alone, but 
very rapid on their mixture. This interesting case of 
promoter action is perhaps explained by the longer time 
of exposure of hydrogen to the field of the free radical 
due to the strong adsorption of hydrogen by the ad- 
mixed zinc oxide. 

Hiittig (5) and his collaborators have conducted 
very extensive studies of the catalytic activity of mixed 
oxides for such reactions as carbon monoxide oxidation 
and nitrous oxide decomposition. Mixed oxide cata- 
lysts prepared by controlled heating to produce incipi- 
ent spinel formation have shown enhanced catalytic 
activity and are called “active oxides.” Magnetic 
susceptibility measurements on such oxide catalysts 
have shown a definite relation to catalytic activity. 
Hedvall (6) and coworkers have found for many 
different reactions on such catalysts as nickel, nickel- 
copper alloys, iron, and palladium-cobalt alloys, that 
reaction speed changes sharply at the Curie point. 
Further studies are required to decide how general this 
relation between catalytic activity and magnetism is. 

In order for a heterogeneous catalytic reaction to pro- 
ceed it is necessary for the reactants to collide with the 
catalytic surface and remain there long enough for reac- 
tion to occur and then evaporate as products. The 
time lag between striking the surface and evaporation 
therefrom is the origin of adsorption phenomena. Be- 
cause of their intimate involvement in the mechanism 
of reactions on solid catalysts, adsorption and desorp- 
tion studies have enormously aided in the development 
of our present ideas about catalysis. Langmuir’s 
classical studies (7) of the behavior of gases and vapors 
with such filaments as platinum and tungsten demon- 
strated that chemical reaction occurred at such metal 
surfaces in a monolayer of adatoms or adions held to the 
surface by chemical forces—in other words chemisorbed. 

H. S. Taylor and coworkers have for many years 
studied adsorption phenomena on active catalysts. 
Largely from their work it has been found that while the 
adsorptive capacity of a solid is related to its catalytic 
activity, there is no necessary quantitative relation be- 
tween them. However, it has been found that adsorp- 
tion of gases on a catalyst is complex, consisting often of 
several simultaneous or successive processes. 

Adsorption occurs with the evolution of heat. When 
a gas is reversibly adsorbed with evolution of only a 
small amount of heat (e. g., 4 to 5 k. cal. per mole, 
comparable to the heat of condensation of the gas) the 
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process is called physical adsorption or van der Waals 
adsorption. Such adsorption occurs very rapidly, is 
nonspecific, and may form either unimolecular or 
multimolecular adsorbed layers. Van der Waals ad- 
sorption is usually thought to have little relation to 
catalytic activity. 

When a gas is adsorbed with an evolution of heat 
comparable to that of chemical reactions (e. g., 20 to 
100 k. cal. per mole) the process is called chemisorption, 
or sometimes activated adsorption. Such adsorption is 
specific, forms not more than a unimolecular film, and 
may occur slowly inasmuch as activation energy must be 
supplied. 

Accompanying the adsorption of gases upon solid 
catalyst surfaces there may be some slow dissolving of 
gas in the solid, or activated diffusion of adsorbed gas 
upon the surface of the catalyst. These two latter 
slow processes are likely to be relatively limited on 
active solid catalysts, and the reality and importance 
of activated adsorption is rather generally accepted. A 


demonstration (8) of activated adsorption is obtained- 


by allowing oxygen to be completely adsorbed by a tube 
of nickel catalyst at liquid air temperature. Upon re- 
moving the liquid air bath, the gas pressure quickly 
rises from zero to several centimeters, but soon dis- 
appears again. Thus, gas irreversibly adsorbed at 
—190°C. is desorbed by the rising temperature and 
then more slowly taken up by the catalyst as activated 
adsorption. 

Again considering heterogeneous catalysis as a five- 
step process, in those cases in which chemical reaction 
on the catalyst surface, step (c), is rapid, steps (b) and 
(d) comprising the formation and decomposition of 
surface adsorption complexes with reactants and 
products, respectively, may be the critical rate-de- 
termining processes. 

H. §. Taylor (9) and his coworkers have studied 
several cases in which they have found the rate of acti- 
vated adsorption to be comparable to the rate of the 
process as a whole. For example, in the synthesis of 
ammonia from the elements the slow rate-determining 
step appears to be the rate of activated adsorption of 
nitrogen by the iron catalyst. Emmett and Brunauer 
(10) found the heat of nitrogen adsorption on an active 
iron catalyst to be about 35 k. cal., the energy of the 
activated adsorption being about 15 k. cal. Likewise 
in the synthesis of methanol (9) the rates of activated 
adsorption of carbon monoxide and hydrogen on the 
surface of the zinc oxide promoted catalyst may well be 
the controlling factors. 

Isotope exchange reactions, especially those involv- 
ing deuterium, have proved fruitful in detecting acti- 
vated adsorption and in making it possible to know what 
bond or bonds of a reacting molecule are activated by 
the catalyst. Study of the catalytic exchange (11, 12) 
of deuterium with the hydrogen of molecules, e. g., 
methane, ethane, propane, ethylene, benzene, etc., 
affords information about the energy required to rup- 
ture C—H bonds, while destructive hydrogenation 
gives an idea of the larger amount of energy necessary 
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to break C—C bonds. Thus it is computed that the 
activation energies of dissociative adsorption of 
ethane for the C—H and C—C bonds are about 15 and 
19 k. cal., respectively. 

Because it is the seat of catalytic activity the surface 
of a solid catalyst and especially the nature of its 
structure are of great. practical and theoretical interest. 

There is much evidence that not only must a surface 
be clean but that it must be somewhat amorphous if it 
is to be catalytically active, especially at moderate or 
low temperatures. Thus, whereas the naturally occur- 
ring pyrolusite is totally inactive, pure finely divided 
MnO, produced by alcohol reduction of permanganate, 
oxidizes carbon monoxide at room temperature. Mas- 
sive nickel in sheet or wire form has little or no catalytic 
activity, but if simply cold-worked or polished, and not 
annealed, it will hydrogenate ethylene at 100°C. (13). 
Finely divided nickel produced by low-temperature re- 
duction of the oxide, or the dissolving out of aluminum 
from an aluminium-nickel alloy, is one of the most 
active hydrogenating catalysts known, and may be 
used at room temperatures or below. Such active nickel 
catalysts, however, are very sensitive to heat and show 
sintering with a sharp loss in catalytic activity when 
heated substantially above their temperature of prepa- 
ration. Sintering temperatures, e. g., 200-300°C., are 
far below the recrystallization temperature of nickel, 
namely 600-700°C. Such heat sensitivity lends 
strong support to the idea that catalytic activity is 
closely related to the presence of nickel atoms which are 


displaced from their normal positions in the nickel metal 
lattice and to the presence of certain distances between 


nickel atoms. Thus an active nickel catalyst may be 
pictured as a partially collapsed structure produced by 
the removal of oxygen atoms from nickel oxide, or of 
aluminum atoms from a nickel-aluminum alloy. This 
concept is substantiated by many of the properties of 
finely divided metal catalysts. Both the quantity and 
the quality of catalyst surface are of importance. The 
amount of catalyst surface available for reaction is fre- 
quently unknown, and this leads to ambiguity since a 
given weight of catalyst may exhibit quite different 
catalytic activities according to its state of subdivision. 
Numerous methods have been used; for the measure- 
ment of surface area of catalysts and other finely 
divided solids. Among such methods are visual 
methods, adsorption from solution of dyestuffs or radio- 
active substances, adsorption of gases, rate of solution, 
permeability measurements, heats of wetting, X-ray 
diffraction, measurements of heat conductivity, etc. 
The adsorptive capacity of a solid catalyst for gases 
has long been used as a rough measure of surface 
available to gaseous reactions. In the hands of Em- 
mett and Brunauer, however, the adsorption method 
has become an accurate means of measuring the surface 
areas of catalysts. In terms of their multimolecular 
adsorption theory which includes both unimolecular 
and multimolecular adsorptions, also capillary con- 
densation, five different types of adsorption isotherm 
are postulated and interpreted. At least a portion of an 
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experimentally determined isotherm, for a gas such as 
nitrogen or argon physically adsorbed on the catalyst, is 
required. From the theory, or more simply from the 

shape of the sigmoid adsorption isotherm (7. e., the be- 

ginning of the linear portion), the volume of gas just 

necessary to form a unimolecular layer is determined. 

The total catalyst area can then be computed by 

multiplying the number of molecules of gas in this 

volume by the cross-sectional area of the gas molecule. 

This latter area may be calculated from the density of 

the solidified or liquefied gas. For example, the areas 

for nitrogen molecules are 16.2 A? and 13.6 A? for liquid 

and solid, respectively. 

The specific surface (14) in square meters per gram 
obtained by the adsorption method for some catalysts is 
as follows: alumina-promoted iron, 11.03; commercial 
copper catalyst, 0.42; nickel supported on pumice, 
1.27 (pumice alone, 0.38); chromic oxide gel, 228; 
chromic oxide gel “glowed,” 28.3; activated charcoal, 
775. 

Harkins (15) and his coworkers have developed 
several methods for measuring the surface areas of 
finely divided solids, including an absolute method and 
a method based upon their new adsorption isotherm. 
These methods yield surface areas in good agreement 
(+ 9 per cent) with those determined by Emmett and 
Brunauer. The latter authors (16) have also applied 
their method to the determination of the distribution of 
promoters in catalysts. Low-temperature chemi- 
sorption of carbon dioxide on promoted-iron catalysts 
showed that the promoter accumulated on the catalyst 
surfaces. Thus, a catalyst containing 1.4 per cent 
Al,O; and 1.6 per cent K,O showed 60 to 75 per cent of 
the catilyst surface covered with these promoter oxides. 

Even more important in catalytic studies than the 
amount of surface is the quality or nature of the surface 
of solid catalysts. There is much experimental evi- 
dence which throws light upon this subject; for ex- 
ample, studies of X-ray and electron diffraction, mag- 
netic susceptibility measurements, adsorption phe- 
nomena, reaction velocity measurements on surfaces 
produced under controlled conditions, sintering and 
poisoning of catalytic surfaces. The evidence from 
reaction velocity studies on normal, sintered, and 
many poisoned catalysts has often been interpreted as 
most consistent with a surface of uniformly equal 
catalytic activity throughout. On the other hand, 
studies of the amounts, rates, and heats of adsorption, 
as well as studies of the catalytic activity of selectively 
poisoned catalysts, yield results which are consistent 
only with the concept of a nonuniform surface which 
varies in catalytic activity from spot to spot. This 
situation has led to two schools of thought concerning 
the nature of catalyst surfaces. Several theories relat- 
ing to the nature of catalyst surfaces have been de- 
veloped. Schwab and his collaborators (17) have de- 
veloped the idea of active lines as the seat of catalytic 
activity on a surface. Such lines occur as crystal 
edges, grain boundaries, and Smekal: crack edges. 
There is considerable evidence that chemical reactions 
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involving a solid phase occur preferentially at such 
boundary lines. For example, a blue crystal of copper 












































sulfate first becomes blackened along the crystal edges . 
when dipped into alcoholic hydrogen sulfide solution. ' 
There is, however, less evidence that actual catalysis P 
occurs predominantly at surface lines. . 
The idea that the geometrical arrangement of the , 
atoms in the crystal lattice and the distances between 
them are the most important aspects of the surface of a . 
catalyst has been supported by numerous investi- fe 
gators, among them Adkins, Burke, and Balandin. ” 
Such an idea implies adsorption of the same reactant J ™ 
molecule by at least two different surface points. be 
Balandin (18) has elaborated the theory in most detail 
and it is known as the multiplet hypothesis. He as- § * 
sumes that in an adsorbed molecule bonds are broken § “™ 
between atoms attracted by two different surface points, r 
while bonds are strengthened between atoms attracted | 
by the same surface point. The simultaneous dehy- hy 
drogenation and dehydration of alcohols over the oxides _ 
of titanium, zirconium, or molybdenum are explained J 
by two different modes of attachment of the alcohol ” 
molecule to the oxide surface. If the hydroxyl group 7 
and a hydrogen atom are selectively attracted by one - 
point of attachment, dehydration results, whereas, if ty 
two hydrogen atoms are thus selectively attracted, de- - 
hydrogenation occurs. b 
Balandin has attributed the ability of metals to de- 4 
hydrogenate such substances as cyclohexane, tetra- | ; 
hydronaphthalene, and piperidine to the presence of a ws 
regular triangular arrangement of atoms spaced at a 
certain distance apart, such as occurs in the (111) plane “~~ 
of the face-centered cubic lattice of such metals as ; 
platinum, palladium, and nickel. as 
During the past 20 years or more H. S. Taylor has a . 
been developing the concept that catalyst surfaces are 
nonuniform in character and that catalytic activity r 
resides only in certain active centers, so that much of hs 
the catalyst surface may have little or no activity. “ 
Active centers are considered to be comprised of extra- 
lattice atoms or in general atoms which are displaced - 
from their normal positions in the crystal lattice. For Ae 
example, in the low-temperature reduction of copper — 
oxide the resulting copper catalyst may be expected to “0 
have copper atoms in various stages of transition be- ~~ 
tween their initial positions in the copper oxide lattice ne 
and their final stable positions in the lattice of metallic — 
copper. Due to their greater unsaturation extra ; . 
lattice atoms will be preferred locations for adsorbed ys 
substances, whether reactants, products, or poisons. “Ps 
Practical catalysts are produced by a variety _ 
techniques and are prepared and used at various tem: “ee 
peratures. Therefore, the degree of displacement 0 a 
catalyst atoms and ions from their equilibrium pos r d 
tions in their stable crystal lattices and the distribution ry 
of such displacements will vary widely with conditions ti : 
including the presence or absence of promoter sub ie 
stances, and catalyst supports. “4 = 
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liberately poisoned surfaces. Although poisoning has 
long been recognized as one of the serious ills to which 
catalysts are subject, poisoning is employed industrially 
to reduce the activity of too active catalysts and sup- 
press undesired decompositions and side reactions. The 
existence of such beneficial poisoning is strong support 
for the concept of a catalytically nonuniform surface. 

Selective poisoning experiments offer a means of 
examining the degree of uniformity of a catalyst sur- 
face. To be selectively adsorbed a poison must first be 
adsorbed only upon surface areas of greatest activity 
and then upon less and less active areas as poisoning 
becomes more extensive. 

It is not easy to obtain a truly selective poisoning with 
a strongly adsorbed poison because poisoning of surface 
areas of a variety of activities tends to occur simultane- 
ously. 

Maxted (19) has carried out poisoning experiments on 
hydrogenation catalysts (e. g., platinum, nickel) using 
such poisons as ions of lead, mercury, and zinc, also 
hydrogen sulfide and other sulfur-containing poisons. 
From a considerable number of such experiments he 
finds that an inverse linear relation exists between the 
amount of poison on the surface and the catalyst ac- 
tivity. He also finds that the apparent activation 
energy of the catalyzed reaction remains unchanged as 
the catalyst activity is progressively diminished either 
by poisoning or sintering. On the basis of such evidence 
Maxted strongly supports the theory of a uniform cata- 
lytic surface, preferably the concept of active lines. 

Evidence for the concept of a nonuniform surface is, 
as we have already noted, available from many sources. 
It has long, been recognized that very small amounts of 
poison—that is, amounts sufficient to cover only a few 
per cent of the actual catalyst surface—often com- 
pletely inactivate a catalyst. As one example (20), 
the poisoning of active iron synthetic ammonia 
catalysts with water vapor showed that only one atom 
in every 200 was catalytically active. 

We have been interested in studying the nature of the 
catalytic surface of certain metals by means of selective 
poisoning. Carbon poisoning (21) of active nickel 
catalysts achieved by methane decomposition has shown 
the presence of at least three types of nickel surface, 
which were selectively active in the decomposition of 
methane, the hydrogenation of carbon dioxide, and of 
nitrous oxide, respectively. Furthermore, a selective 
indirect oxygen poisoning (22) of active copper cata- 
lysts for the hydrogenation of ethylene produced an 
exponential relation between catalyst activity and the 
amount of poison on the catalyst surface. A similar 
exponential relation (21) was also obtained when an 
active nickel catalyst was poisoned with carbon for the 
hydrogenation of acetone. Such relations are only 
understandable if the catalytic surface is nonuniform 
and are consistent with an exponential distribution of 
active centers upon the catalyst surface. However, 
direct oxygen poisoning of copper catalysts was shown 
to be nonselective and produced the inverse lineat rela- 
tion between amount of poisoning and catalyst activity. 
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Maxted (19) obtained such a linear relation when 
poisoning a platinum catalyst with hydrogen sulfide. 
We have tried in various ways to achieve a selective 
poisoning of platinum using hydrogen sulfide (23) but 
such poisoning has always proved nonselective. When 
poisoning is nonselective such a linear relation gives 
no information about the degree of uniformity of the 
catalyst surface. 

In general, catalyst surfaces may be expected to vary 
in the degree of their nonuniformity, becoming more 
uniform at higher temperatures. If a given chemical 
reaction finds it possible to proceed energetically and 
most economically only on a few types of atomic con- 
figuration and spacing, the reaction may be catalyzed 
predominantly by one type of active center, and will 
occur largely on such uniformly active areas present in a 
nonuniform surface. Other reactions requiring the 
activation of different bonds would proceed on cata- 
lyst areas of different activity. On the basis of this con- 
cept progressive sintering or poisoning of a catalyst 
need produce no significant change in activation energy, 
which is in agreement with much experimental evidence. 

The work of Beeck and coworkers (24) who hydro- 
genated ethylene upon films of nickel, iron, and other 
metals condensed on glass has proved very ililuminat- 
ing. Either unoriented or oriented metal films could be 
produced, the latter having five times the catalytic 
activity in the case of nickel. Electron diffraction 
showed that in the oriented nickel film the crystals 
formed with their least dense atom faces parallel to the 
backing, thus exposing to the reacting gases the (110) 
plane with its greater atomic distances. Decreasing the 
catalyst activity by sintering or poisoning showed that 
loss of activity, decrease in hydrogen adsorption, and 
amount of poison were proportional. However, the 
poisonings with carbon monoxide and oxygen were non- 
selective. Since the three different faces of the face- 
centered nickel crystal had different catalytic activities, 
such a surface is catalytically nonuniform with greatest 
activity identified with the greater frequency of the 
3.51 A spacing of atoms in the (110) plane. It is of 
interest to note that quantum mechanical calculations 
(25) show that the activation energy required to ad- 
sorb hydrogen on nickel varies with the distances be- 
tween nickel atoms, being 75 k. cal.'for a distance of 
2.49 A, but only 57 k. cal. for 3.52 A. Thus the dis- 
tance between atom centers is increased from about 
0.8 to 3.5 A during the adsorption of a hydrogen mole- 
cule, so that the latter is substantially dissociated by 
activated adsorption. 

In catalytic hydrogenations it has frequently been 
assumed that such chemisorbed hydrogen atoms play 
the vital role by adding to the unsaturated bond of an 
adjacent molecule such as (physically) adsorbed ethyl- 
ene. Recently Rideal (12) has cited evidence support- 
ing the idea that an olefine such as ethylene is chemi- 
sorbed by the opening of its double bond to two nickel 
surface atoms and reacts with adjacent physically ad- 
sorbed hydrogen molecules. 

From the foregoing and from a perusal of the litera- 
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ture of catalysis it is apparent that sharp differences of 
opinion still exist among investigators about the im- 
portance of numerous factors such as the role played by 
intermediate compounds, the significance of activated 
adsorption, the uniformity of catalyst surfaces, the true 
nature of active centers, the importance of ions, etc. 
However, this is after all a healthful condition, inas- 
much as it encourages careful thinking and stimulates 
research, which will inevitably lead to a better under- 
standing of catalytic processes. 


BIBLIOGRAPHY 

(1) Scumint, O., Chem. Revs., 12, 363 (1933). 

(2) Nyrop, J. E., ‘“‘The Catalytic Action of Surfaces,’’ Lewis 
and Munkgaard, Copenhagen, Denmark, 1937. 

(3) Taytor, H. S., AND H. Diamonp, J. Am. Chem. Soc., 55, 
2613 (1933); 57, 1251 (1935). 

(4) TurKEvICH, J., AND P. W. SELwoop, ibid., 63, 1077 (1941). 

(5) Hurrie, G. F., Z. Elektrochem., 44, 571 (1938). 

{6) HEpvALL, J. A., ‘‘Reaktionsfahigheit Fester Stoffe,’’ Barth, 
Leipzig, 1938. 

(7) Lancmuir, I., J. Am. Chem. Soc., 38, 2281 (1916); 54, 1252 
(1932). 

{8) RUSSELL, W. W., AND L. G. GEHRING, ibid., 55, 4468 (1933). 

(9) ‘Eleventh Report of the Committee on Contact Catalysis,” 


National Research Council, Washington, D. C., 1935. 





Photo taken from Peresvony, August, 1926 
MENDELEEFF AS A CHESS PLAYER 


XHE accompanying picture of Mendeleeff as a 
chess player appeared in the August, 1926, issue of 
Perezvony (Chimes), a literary and art magazine 
formerly published in Riga. It accompanied a bio- 
graphical sketch of Kuindgi by N. Misheev and has 
now been made available by Mr. Nicholas Siniapkin 
who owns a copy of the publication. 
A. I. Kuindgi (1842-1910) was one of Russia’s most 
famous artists. It is not surprising to find Mendeleeff 
playing chess with him since, as evidence of his great 
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interest in art, both Tilden! and Harrow? cite a letter 
which Mendeleeff sent in November, 1880, to Goloss 
(The Voice) concerning Kuindgi’s ‘Night in the 
Ukraine,’ one of his well-known landscapes. In this 
letter, the profound impression made on Mendeleeff by 
Kuindgi’s work led him to express the view that it was 
the human form, rather than the landscape, which 
principally inspired artists during the period when 
man worshipped human mind and human spirit, and 
when his concern with science was expressed by mathe- 
matics, metaphysics, and politics. Later, man lost 
faith in the absolute and original power of human reason 
and he turned to the study of nature. “External 
nature,’’ Mendeleeff wrote, ‘‘thus ceased to be merely 
subservient to man, and became his equal, his friend. 
Dead and senseless as it had been, it now became alive. 
Everywhere it presented motion, stores of energy, 
natural reason, simpiicity, and plan. Inductive and 
experimental science became a crown of knowledge, 
royal metaphysics and mathematics had now to be 
content with modest questioning of nature. Landscape 
painting was born simultaneously with this change, or 
perhaps a little earlier.” The vivid imagination and 
deep thought evoked by Kuindgi’s work were the 
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Nostrand Company, Inc., New York, 1920, p. 34. 
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same which 11 years -earlier had led Mendeleeff to - 


enunciate the principle of periodicity. 

The picture appears to have been taken in Men- 
deleeff’s study. Nothing is known concerning the 
identity of either the photographer or the woman, 
who is apparently as absorbed in the development of 
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the game as either of the players. It is possible that 
she is Mendeleeff’s youthful second wife, Anna Ivan- 
ovna Popova, whom he married in 1881 at the age of 47. 
Since she was also an artist, one can assume that she 
would be present when such a distinguished artist 
visited her equally distinguished husband. 


A Chemical-Physical Change Demonstration Apparatus 


ALEXANDER P. MARION 
Queens College, Flushing, New York 


N EFFECTIVE lecture demonstration which can 
be used to contrast the characteristics of a physi- 
cal and a chemical change is based upon two simple, 
but spectacular, experiments. In the first of these, 
energizing a relay permits a weight to fall upon a porous 
plate. Then, to illustrate the chemical change, a 
quantity of flashlight powder is ignited by means of'a 
high-voltage spark. The difference between the prop- 
erties of the magnesium and its oxide, and the liberation 
of energy in the form of light and heat, are so apparent 
that this particular reaction serves as a good example 
of this type of change. 

The apparatus consists essentially of a spark coil to 
set off the flashlight powder and a relay so modified as 
to trip a trap-door arrangement. By referring to the 
diagram it will be seen that an iron crucible is supported 
by a metal plate fastened to one of the high-voltage 
electrodes of the coil. A wire from the other secondary 
terminal of this coil runs through a hole in the wooden 
case and is bent so its tip is close to the bottom of the 
crucible. 

A suitable hooked arm is fastened to the armature of 
the relay which is then mounted in the case in such a 
manner that it supports the closed trap door but permits 
the two-pound weight to fall when the relay is energized. 

The wires connected to the relay and the low-voltage 
terminals of the coil are braided into a cable and run 
to the power supply. It is advisable to have this cable 
at least five feet long to permit the demonstrator to 
stand at a safe distance, for considerable heat is liber- 
ated. The power supply consists of a bell-ringing 
transformer, two push buttons, and an on-off switch. 
One push button is in series with the primary of the 
spark coil and the other is in the relay circuit. 
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Since this model was designed to operate from the 
110-volt a.-c. line a special spark coil, the type F-10 of 
the Detroit Coil Company, had to be employed. How- 
ever, if one is willing to put up with whatever incon- 
venience would occur with a storage battery as a source 
of power an automobile type ignition coil could be 
substituted instead. Another alternative would be to 
use a d.-c. relay and coil and obtain the requisite volt- 
age from a rectifier. 

The flashlight powder is made by thoroughly mixing 
eight grams of powdered potassium chlorate, four 
grams of magnesium powder, and one gram of aluminum 
powder. Although the exact propoftions are not too 
critical some trouble may be experienced if insufficient 
powdered aluminum is added. In addition, best re- 
sults are obtained if the charge is packed somewhat in 
the crucible by tamping. 


EDITOR’S OUTLOOK (Continued from page 157) 


an Advisory Committee to study the fate of the ailing 
higher educational institutions in wartime. This Ad- 
visory Committee recently made some recommenda- 
tions, the first of which was to the effect that at the 
earliest possible time Selective Service should reéstab- 
lish deferments for those majoring in fields essential to 
the national welfare, and for which extended periods of 


training are necessary. Furthermore, in plans for 
peacetime National Training provision should be made 
in the legislation for the exemption, for the period of 
their training, of students in such fields. Beyond this, 
similar provision should be made for the exemption of 
faculty members. We can only hope that these recom- 
mendations bear fruit somewhere. 
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The Laboratory Preparation of DDT 


S. F. DARLING 


Lawrence College, Appleton, Wisconsin 


ECENTLY there have appeared numerous popu- 

lar articles in current magazines and the daily 
press on a new insecticide, DDT. This publicity was 
the result of the successful use of powders containing 
DDT in delousing civilians in Naples and North Africa 
in the recent military campaigns in these areas and the 
adoption by the Army of such powders for use as a de- 
lousing material. The results of preliminary tests of 
this material as an insecticide were published by the 
Department of Agriculture? in 1944. Since then 
numerous articles have appeared concerning the 
insecticidal properties of DDT but there have been 
few articles on the preparation of this compound. 

DDT is the common designation of 2,2-bis(p-chloro- 
phenyl)-1,1,1-trichloroethane, a compound originally 
prepared by Zeidler* in 1874. No further mention of 
the preparation of this compound appears in the litera- 
ture until 1942 when the description of its preparation 
was announced in a British patent assigned to the J. R. 
Geigy A.-G.‘ Following this, Breckenridge® described 
its preparation on a large laboratory scale by a slight 
modification of the method of Zeidler. A description 
of a continuous commercial method appeared in Octo- 
ber, 1944. All of these methods are slight modifica- 
tions of the original procedure of Zeidler which con- 
sisted of stirring anhydrous chloral with monochloro- 
benzene in a large excess of concentrated sulfuric acid 
until the condensation took place. 

The author recently has made several experiments 
on the laboratory preparation of DDT and has im- 
proved the conditions for carrying out the condensation 
so that the preparation can be performed as a regular 
experiment in the beginning course in organic chem- 
istry. Since it is thought that these directions might 
be of interest to others in charge of laboratory courses 
in organic chemistry anxious to include the preparation 
of this interesting compound, the procedure is being 
published in this article. The use of DDT as an in- 
secticide is covered by many patents issued to the 
Geigy Company. 


PROCEDURE 


To a 500-ml. three-neck round-bottom flask equipped 
with an efficient mechanical stirrer and a thermometer 
are added successively 350 g. of 95 per cent sulfuric acid, 





1 Patent applied for. 
2 ANNAND, P. N., e¢ al., J. Econ. Entomol., 37, 125 (1944). 
3 ZEIDLER, OTHMAR, Ber., 7, 1180-1 (1874). 
* British Patents 547871, 547874; C. A., 37, 6400 (1943). 
od ee J. R., Can. Chem. Process Ind., 28, 570 
1944). 
° CALLAHAN, JOHN R., Chem. & Met. Eng., 51, 109-14 (1944). 


50 g. of 20 per cent oleum, 45 g. (0.2 mole) monochloro- 
benzene, and 34 g. (slightly over 0.1 mole) chloral hy- 
drate. The use of some oleum instead of concentrated 
sulfuric acid alone permits the use of the more stable 
and readily available chloral hydrate instead of an- 
hydrous chloral as used by Zeidler and Breckenridge. 
The mixture is now stirred rapidly enough to keep the 
materials well dispersed, and at the end of an hour the 
DDT should separate as a fine granular solid. During 
this time the temperature rises to 45°C. The stirring 
is continued for an additional half hour to complete the 
reaction. 

The reaction mixture is now poured with stirring into 
two liters of a 1:1 mixture of ice and water and the 
solid product which separates is collected on a funnel 
with suction and washed well with cold water. To 
remove occluded acid, the crude product is transferred 
to a beaker containing 500 ml. of boiling water. This 
causes the DDT to melt. The mixture is stirred well 
and allowed to cool, whereupon the DDT solidifies. 
The wash water is removed by decantation and the 
washing with boiling water is repeated two additional 
times. In order to insure complete removal of the last 
traces of acid a little sodium bicarbonate is added to the 
last wash water, while stirring, until it is neutral to 
litmus paper. The product is then collected on a suc- 
tion filter and dried. The yield of the crude product 
is 50 g., which corresponds to over 70 per cent of the 
theoretical. 

The melting point of this crude material is about 
90°C., while the melting point of pure DDT is 108°C. 
The low melting point is caused by the presence of 
isomers of the pure para compound which can be re- 
moved by recrystallization of the crude product from 
ethyl or propyl alcohol. The pure material separates 
in fine colorless needles that have a slight odor of fresh 
apples. 

A 1 per cent solution of DDT in odorless kerosene 
sprayed on surfaces of rooms, barns, and other places 
has been found to be effective in killing flies for as long 
as six months after treatment, according to experiments 
conducted by the Bureau of Entomology.” Solutions 
of DDT have been reported to be toxic in contact with 
the skin. Extended in powdered talc in a concentra- 
tion of 5 per cent, DDT has proved to be an excellent 
lousicide and as such is now being used in large quanti- 
ties by the armed forces. The quantities being con- 
sumed are so great that at present there is none avail- 
able for civilian use, although this situation may soon 
change because several large companies have recently 
started its commercial production. 
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Women in Science 
DORTHA BAILEY DOOLITTLE 
Morris Harvey College, Charleston, West Virginia 


HE rapid advance in scientific achievement is one 

of the most pronounced characteristics of our 
present-day civilization. From the time, not so long 
ago, when laughter, skepticism, and prejudice greeted 
the idea that women follow scientific pursuits, we have 
progressed to the quite different present. This change 
in attitude has resulted from the fine contributions 
made by women in many scientific fields—work which 
has won for them respected recognition of their ability. 
The fact that 800 women are listed in the current volume 
of ‘‘American Men of Science’”’ is evidence of the extent 
to which women are adding to our scientific progress. 

With such a broad subject and limited time, our sur- 
vey will necessarily have to be rapid and incomplete. 
From the achievement records of several hundred 
women I have selected those whose work seemed to me 
to be especially significant or of unusual interest. 

Madame Lavoisier, who lived in France in the latter 
part of the 18th century, is the first woman deserving 
of special mention. Most of you are probably familiar 
with the name and work of the immortal Lavoisier, the 
most famous of the founders of modern chemistry. His 
work on oxygen and combustion, which established the 
law of Conservation of Mass was of first importance, 
and he was aided materially by his capable and 
thoroughly devoted wife. She learned Latin and 
English in order to translate scientific papers for him, 
assisted him in the laboratory and wrote out the results 
of his experiments, illustrated with her own skilful 
drawings and engravings. Her home was the gather- 
ing place for the most eminent men of the time. After 
Lavoisier’s tragic death on the guillotine, his grief- 
stricken widow edited his ‘‘Memoirs on Chemistry.” 
These volumes were not for sale but were distributed 
gratuitously to famous scientists. 

At about the same time in England, little Caroline 
Hershel was distinguishing herself as an astronomer, 
elected to honorary membership in the Royal Astro- 
nomical Society. It is told that she sat recording at the 
telescope through the night until she could write no 
longer for the ink had frozen. The rigors of these 
physical hardships seem not to have hurt her, for she 
lived to be 98 years old. 

In 1809 Mrs. Marcet, the wife of a London doctor, 
first published her widely read ‘Conversations in 
Chemistry.”” This curious book was composed of 23 
conversations on chemical topics written in dialogue 
form. By 1863 more than 160,000 copies had been sold 
in England and America. Michael Faraday stated that 
Mrs. Marcet’s book gave him his foundation in chemis- 





‘ 
1 Presented before the West Virginia State Meeting of the 
American Association of University Women at Clarksburg, 
West Virginia, May, 1940. 


try. Faraday, who worked in a book bindery, studied 
her book nights and repeated experiments in it at home. 
This interest resulted in his entrance to the scientific 
field where he formulated many of the fundamental 
principles of electricity and magnetism. 

Meanwhile in America, Mrs. Lincoln Phelps (1793- 
1884) was devotedly teaching natural sciences and 
publishing textbooks. She and her sister, Emma Wil- 
lard, had attended some chemistry classes at Rens- 
selaer Institute at Troy, New York, where a benevolent 
professor allowed women in his classes. These sisters 
and the famous astronomer, Maria Mitchell, were the 
first three women to be elected to the American Associ- 
ation for the Advancement of Science. There is a 
yellowed copy of one of Mrs. Phelps’ books written in 
1865 at the West Virginia Statehouse Library. On the 
flyleaf it is recommended as suitable for the perusal of 
the young ladies in female seminaries. 

Maria Mitchell, previously mentioned, was a li- 
brarian on Nantucket Island. Her father as an ama- 
teur astronomer owned a telescope in which Maria had 
been much interested from early childhood. In 1847 
she-discovered the first comet ever found by the use of 
the telescope, for which she received a gold medal 
offered by Denmark. She later became Professor of 
Astronomy and Director of the Vassar Observatory 
where she taught until her death in 1889. 

In 1881, a young German girl named Agnes Pockels, 
denied the privilege of admission to a German Univer- 
sity, working at home with “homely appliances” for her 
only apparatus, discovered the important phenomenon 
of surface tension of liquids. After pursuing research 
on this subject for 10 years in her home, she read of 
almost identical discoveries published by Lord Ray- 
leigh in England. She wrote to him and he generously 
published her letter and arranged for acceptance of her 
papers in English journals until 1898 when Germany was 
proud to have her results appear in German journals. 
Agnes Pockel’s work was of fundamental importance in 
physical chemistry and in understanding the chemistry 
of each body cell. 

The next name is one with which all of you are 
familiar—Marie Curie, who lived from. 1867-1934. 
Since her life and work are so well known, we will not 
discuss her as fully as her importance merits. Madame 
Curie’s fame rests on her discovery, in partnership with 
her husband, of two important elements—polonium 
and radium—and a study of the strange phenomenon 
of radioactivity exhibited by these elements. This was 
found to be a spontaneous disintegration of the atom. 
Her work led to a complete revision of our theory of 
atomic structure, opening up fields of research in 
chemistry and physics in which hundreds of scientists 
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are today working. The application of the radium rays 
to the treatment of disease, particularly cancer, was 
another consequence of her work. The first woman pro- 
fessor at the Sorbonne and Director of the Radium 
Institute in Paris, Marie Curie still stands pre-eminent 
among women scientists—pre-eminent in fame, in her 
complete devotion to scientific research, in the far- 
reaching results of her investigations both in pure 
science theory and in medical application, in honors and 
prizes bestowed upon her, and in her unique and selfless 
personality. Einstein once said, ‘“‘Marie Curie is of all 
celebrated beings the only one whom fame has not cor- 
rupted.” Recently I visited the Eastman chemistry 
wing at Massachusetts Institute of Technology. The 
long corridors there are hung with pictures of the great 
investigators in science. I searched diligently, but 
found only one woman in that illustrious company— 
Marie Curie. 

The next four women resolutely overcame many 
obstacles and prejudices in getting their training and 
blazed new trails in four different fields—chemistry, 
physiology, physics, and astronomy. I call them the 
‘‘American Pioneers.”’ Ellen Swallow, better known 
by her later name of Ellen H. Richards, after gradua- 
tion from Vassar, was admitted by special permission to 
classes at Massachusetts Institute of Technology in 
1871. She was the first woman to attend a technical 
school in America. She applied her chemistry to a 
study of nutrition and sanitation, being especially 
interested in pure food and the analysis of air, water, 
and sewage. She conducted the great sanitary survey 
of the waters of the state of Massachusetts, which in- 
volved analyzing 40,000 samples of water. No one 
ever put her knowledge of chemistry to more practical 
use than Mrs. Richards. Once when visiting a newly 
married couple in the Berkshires she became concerned 
about the safety of their water supply and decided to 
give them a water analysis for a wedding present. For 
27 years she was an instructor in sanitary chemistry 
at M.I.T. where her husband taught engineering. Mrs. 
Richards was responsible for training a great many 
men who carried out similar work through the country, 
besides acting as consultant in hundreds of problems. 
Had she not felt it her duty to devote all of her time and 
tireless efforts to these public health projects, she 
would no doubt have made a notable record in pure 
science, as she laid aside research on material which 
she repeatedly predicted contained new elements. 
Later the elements samarium and gadolinium were re- 
covered from this same material by two French 
chemists. 

Ida Hyde had a long and distinguished career as pro- 
fessor of physiology in Kansas State Medical School. 
She was the first woman to get a Ph.D. at Heidelberg in 
Germany. The almost endless red tape and difficulties 
which she had to overcome to be allowed to study at 
Heidelberg are related humorously in an article by her 
in the Journal of the American Association of University 
Women in 1938, under the title ‘‘Before women were 
human beings.” After leaving Heidelberg, Dr. Hyde 
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studied at the famous Marine Laboratory at Naples. 
When she returned to America in 1897, she was instru- 
mental in the organization of the Association to Aid 
Scientific Research by Women. This was a com- 
mittee composed of most of the leading women edu- 
cators of the time which subscribed 500 dollars a year 
to maintain the so-called ‘‘Naples Table” for an Ameri- 
can woman to do research at the Naples Laboratory. 
Later excess funds of this association were given to 
outstanding women as the Ellen Richards Research 
Prize. This organization was active until 1932, when 
it ceased to exist, as the members considered that its 
objects had been achieved, since many fellowships were 
by then open to women. 

Our candidate for honors in physics is Margaret 
Maltby, retired head of the physics department at 
Barnard College. She was the first woman to receive a 
Ph.D. in physics from a German university. Dr. 
Maltby returned from Géttingen and a research posi- 
tion in Germany to Barnard where she taught for 31 
years. Her research was of such high calibre that her 
name is starred in ‘“‘American Men of Science.” 

Caroline Furness gained fame as a pioneer American 
astronomer. She was Director of the Vassar Observa- 
tory until her death in 1936. Her book ‘Introduction 
to the Study of Variable Stars,’ was chosen in the list 
of 100 most valuable books written by women at the 
Chicago Century of Progress. 

Women have also had influence in the industrial 
world. Carrie Everson, while washing gold and silver 
ore sacks for her brother, who was a mining engineer, 
noticed that the fine particles of ore floated to the top 
in the soap bubbles. From this observation she was led 
to numerous experiments which resulted in her patent- 
ing the Ore Flotation Process. This was the fore- 
runner of a method which annually recovers millions 
of dollars worth of fine powdered materials which would 
otherwise be lost and gives employment to tens of 
thousands of workers. 

During the last World War, Mary E. Squire, General 
Manager and chemist of the Allwood Lime Co., played 
an important role. She found a special kind of lime in 
her own plant similar to that imported from Germany. 
This was'‘a war necessity to finish steel ball bearings and 
to make lime cake for polishing all metals. From 
December, 1915, until the end of the war, her plant was 
the sole source of this:lime for England, Canada, and 
the United States. 

One of the substances now on the United States list of 
strategic war materials not found in America is mica. 
This material which is imported is used for insulation in 
motors and other electrical equipment. Recently a 
substitute made from clay, called “‘Alsifilm,’’ has been 
developed by Professor Hauser at Massachusetts 
Institute of Technology. His coworker in this dis- 
covery was Miss le Beau of the Dewey and Almy Co. in 
Cambridge. 

For many years factory owners have been consulting 
Lillian Gilbreth of New Jersey. She is an expert in 
efficiency engineering, particularly the analysis of the 





AprRIL, 1945 


motions made by workers in factories, with the purpose 
of eliminating waste movements and doing a piece of 
work with the minimum of effort. She has raised a 
family of 11 children, in addition to achieving an inter- 
national scientific reputation. Apparently Dr. Gil- 
breth has been able to apply the principles of efficiency 
engineering to her own life! 

One of the most notable advances in science in 1940 
was the development of coated glass. This thin film 
coating (a few millionths of an inch thick) eliminates 
reflection arid glare and makes the glass practically in- 
visible. Katharine Blodgett in the research department 
of the General Electric Co. did the experimental work 
on this substance. There will be many commercial 
applications. An early one was the new Bausch and 
Lomb coated projection lens which was first used on a 
large scale in ‘‘“Gone with the Wind.” These lenses 
give 15 to 30 per cent better screen illumination. 

Lest you think of all women scientists as spending 
‘their days confined to a laboratory, I have chosen a 
small group who have traveled to far-off places to con- 
duct scientific studies. Not all visitors at the South 
Sea Isles go there solely in search of a romantic Utopia. 
Margaret Mead of the American Museum of Natural 
History has recently returned from three years spent 
there in the study of ethnology. 

The late Carlotta Maury was one of the few women 
successful in commercial geology. Her work as paleon- 
tologist for many states and corporations, including the 
Brazilian Government and the Dutch Shell Petroleum 
Co., took her to various parts of the world, even to re- 
mote regions in South Africa. 

Those who think a woman’s place is in the home 
would not care to accompany Louise Boyd, outstand- 
ing Arctic explorer and geographer. She has directed 
six successful expeditions in Norwegian sealing vessels 
through the ice off the coast of Greenland, charting new 
regions for the National Geographic Society and reach- 
ing a point farther north than that reached by ship by 
any other American. For these feats she was awarded 
the Cullum Medal for 1938. Denmark has also given 
her name to a large section of the explored land. 

How many would follow Erzebet Kol as she toils up 
dangerous icy slopes? The only woman professor in a 
Hungarian university, she came to America recently to 
add to her snow algae collection which is the largest in 
the world. She climbed most of the highest peaks in the 
United States and Alaska, frequently dispensing with 
guides in her adventuresome trips. This work will 
throw light on the history of the North American con- 
tinent and its relation to Europe. 

Even a conventional chemist like Marie Reimer, 
head of the chemistry department at Barnard College, 
progressed from the roof of her laboratory in New York 
to California and from there to Java in search of 
Stronger sunlight in her work on the effect of light on 
various organic reactions. And Dorothy Garrod, ap- 
pointed professor of archeology at Cambridge in 1939— 
the only woman on their faculty—directs excavations in 
Bulgaria to study the pre-history of the Near East. 
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Women have been especially active in medica re- 
search. You can have nearly any disease and be sure 
that a woman has had some part in the treatment or 
cure of it. Probably the outstanding name in this field 
is that of Dr. Florence Sabin, now retired from the staff 
at Rockefeller Institute. She has a long string of firsts 
after her name which many a man might envy. She 
was the first woman to graduate from Johns Hopkins 
Medical School—the first woman appointed to the 
Rockefeller Institute staff. She is the only woman 
member of the National Academy of Sciences. Dr. 
Sabin -has received wide recognition for her researches 
on the processes of the lymphatic system, the mecha- 
nism in the development of red and white blood cor- 
puscles and especially for her work on tuberculosis. In 
1929, Dr. Simon Flexner, former head of Rockefeller 
Institute, called her ‘‘the greatest living woman 
scientist and one of the foremost scientists of all time.” 

Twenty-six years ago in Chicago, Dr. Maud Slye 
started with one pair of mice. From these she has 
bred 25,000 mice in her studies to determine the cause 
of cancer. She has bred races in which 100 per cent 
developed cancer, proving that susceptibility is trans- 
missable. Dr. Slye has also bred a strain 100 per cent 
cancer resistant. She has stated that cancer could be 
bred out of the human race in the same way if mating 
could be done scientifically. 

New and important knowledge which we have on 
eyesight and scientific lighting is due to research by 
Gertrude Rand, formerly on the Johns Hopkins faculty. 
At present, she and her husband have a private labora- 
tory in Baltimore. She has designed intricate and sensi- 
tive instruments used in testing eye responses. Dr. 
Rand is Consultant for the Air Service of the Army and 
Navy and is also consulted on many special lighting 
problems, such as that of the Holland Tunnel. 

While Dr. Rand saves eyes, Dr. Alice Hamilton does 
research and writes books which are instrumental in 
saving many lives, for her field is industrial poisons. 
She is the only woman on the faculty at Harvard 
Medical School and her work on toxicology makes her a 
world authority on this subject. 

In research on foods and vitamins, women have 
found an attractive niche. So many women have made 
important contributions in this field ‘that it will not be 
possible to mention their work in detail. Many of the 
new papers on vitamins have women for authors or 
coauthors. A few of these advances in which women 
have assisted are: the preparation of vitamin A in its 
purest known form by Ruth Corbet, the premature gray 
hair developed in rats by lack of vitamin By» in experi- 
ments by Agnes Fay Morgan, the successful use of 
vitamin C in treatment for lead poisoning by Kathryn 
Campbell, and the recent work by Rosemary Murphy 
on vitamin K, which is found to be necessary for the 
clotting of blood. 

The pioneer work of Dr. Mary Pennington on 
scientific refrigeration was recognized in 1940 at the 
American Chemical Society meeting in Cincinnati, 
where she was awarded the Garvan Medal. Adapting 
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woman’s classical job of feeding the family to modern 
life, she studied the problem of scientifically controlled 
refrigeration and cold storage. Once in the early stages 
of her research, she made a trip on a freight train from 
coast to coast taking the temperature of the refrigerator 
cars and studying food spoilage, much to the amaze- 
ment of the train crew and the disgust of the hoboes. 

A few women are achieving the most lasting renown 
by doing fundamental research. Wanda K. Farr as 
Director of Cellulose Research at Boyce Thompson 
Institute is throwing new light upon the very compli- 
cated structure of the cellulose molecule. 

Emma Carr, head of the chemistry department at 
Mt. Holyoke College, uses the spectroscope to de- 
termine molecular patterns of hydrocarbons. This work 
is purely theoretical but has already found practical 
application in the petroleum industry. Dr. Carr re- 
ceived the first award of the Garvan Medal in 1937, 
when her work was described as an “incomparable con- 
tribution to American chemistry.” 

Meanwhile in France a series of outstanding experi- 
ments come from the laboratory of Fréderick and Irene 
Joliot-Curie. These partners have already received the 
Nobel Prize for their work on artificial radioactivity. 
This is accomplished by bombarding ordinary atoms 
with high-speed streams of particles, such as neutrons 
or heavy hydrogen nuclei. Some of the internal struc- 
ture of the atom is thus thrown out of balance by the 
gain or loss of some particle and it becomes temporarily 
radioactive. In 1940 the Joliot-Curies were announced 
as*winners of the Barnard Medal for ‘meritorious 
service to science.” If any woman is soon to join Marie 
Curie in the Massachusetts Institute of Technology 
“Hall of Fame,” it will probably be her brilliant 
daughter, Irene. 

Women seem to have the vision and patience neces- 
sary to become great astronomers. The life work of 
Annie Jump Cannon of the Harvard Observatory has 
consisted in the exacting and laborious task of classify- 
ing the spectra of a quarter of a million stars. She has 
been called the “‘census taker of the skies.’’ There is 
probably no astronomer anywhere in the world who does 
not at some time use Miss Cannon’s work, which is 
considered unusually reliable. 

Associated with Miss Cannon is the brilliant young 
astro-physicist, Cecilia Payne Gaposchkin, starred in 
“‘American Men of Science”’ at the very early age of 27. 
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She is the author of more than a hundred scientific 
papers and is doing pioneer work in interpreting the 
spectra of stars to determine their life histories. Mar- 
ried to a fellow astronomer at Harvard and the mother 
of two children, she says: ‘‘I should like to emphasize 
the fact that my home life has not detracted from my 
scientific career.” 

One mathematician should be included in our list. 
Emmy Noether, a great creative genius in algebra, was 
at Gottingen until 1933. She came to the United States 
as an exile and taught mathematics at Bryrf Mawr until 
her death in 1935. Einstein has stated that she discov- 
ered methods of enormous mathematical importance. 

We also pause to mourn the premature death of Leta 
Hollingsworth of Teachers College. Her research and 
writings on the psychology and education of the sub- 
normal and gifted child made her a world renowned 
authority on exceptional children. She started the 
famous experimental school, P. S. 500, in New York 
City in 1937. A selected group of gifted children re- - 
ceived special education for a period of five years. This 
project is of such educational importance that it is con- 
sidered stark tragedy that Mrs. Hollingsworth died be- 
fore the final reports were in. 

For progress in civilization, creative workers are 
needed but the world also needs teachers and writers 
to interpret, correlate, and disseminate the original and 
creative ideas of others. In these educational roles a 
very large group of women are rendering important 
service. 

From the work of this short list and the general groups 
mentioned, it is quite apparent that women have con- 
tributed much to the fund of scientific knowledge and 
that those of exceptional training and ability can reach 
the top in any field they choose. When we consider 
that 100 years ago the first college class containing 
women had just been graduated and that only 65 years 
have passed since the first technical school allowed 
women to matriculate, I think we can be proud of the 
record of achievement made by our sex. We have come 
a long way since Mrs. Phelps wrote in 1865 ‘‘From the 
nature of chemical experiments, woman may not 
aspire to add to the stock of chemical science discover- 
ies of her own, but she may dare to raise the curtain 
which conceals the operations of Nature and entering 
Her laboratory, behold the experiments which are there 
exhibited.” 





Use what talents you possess; the woods would be very silent if no birds sang there 


except those who sang the best. 


Politeness is like an air cushion; there may be nothing in it, but it eases the jolts. 


A man’s age can be measured by the degree of pain he feels as he comes in contact 


with a new idea. 


Stopping at third base adds no more to the score than striking out. 


—Rig and Reel (Parkersburg Rig and Reel Company, Parkersburg, West Virginia) 





Association of Names and Formulas 


of the Aldose Sugars 


EARL D. STEWART 


Schwarz Laboratories, Inc., New York City 


HE nomenclature of the aldose sugars with its 

arbitrary names, having no key to the configuration 
of the corresponding sugar, is a difficult one to remem- 
ber even for chemists working in the field of carbohy- 
drate chemistry. The systematic arrangement of the 
carbohydrates according to their formation by the 
Kiliani synthesis! affords a rational basis for the con- 
figurations assigned to the sugars, but is not of much 
help in associating the names with the configurations. 
However, the aldose sugars can be grouped in a way 
that makes remembering the configurations easy and 
when coupled with a few simple mnemonic devices 
will enable any chemist to associate names and con- 
figurations with certainty. 

Since in the d- and /-system of sugar nomenclature, 
there are 4 tetroses, 8. pentoses, and 16 hexoses, but 
only half these numbers of names, it is only necessary 
to remember that the d- and /-configurations are mirror 
images having the same names with d- or /-prefixes. 
Next, the position of the hydroxyl groups attached to 
the carbon atoms between the terminal aldehyde and 
primary alcohol group determines the configuration 
and the name of the sugar. These carbon atoms are 
designated by a, 6, y, 6, etc., beginning with the one 
next to the terminal aldehyde group. 

The d-sugars always have the hydroxyl group on 
the carbon atom next to the primary alcohol on the 
right of the carbon chain when it is written vertically 
with the aldehyde group at the top and the primary 
alcohol group at the bottom. By selecting the d-sugars 
having the hydroxyl group in the a-position on the right 
of the carbon chain, the number of sugars is reduced 
to one tetrose, two pentoses, and four hexoses. There 
are the same number of epimers or sugars with the 
hydroxyl in the a-position on the left of the carbon 
chain. It is now necessary to formulate a logical ar- 
rangement of the right-handed d-epimers and a way of 
associating their names with the ndmes of the left- 
handed d-epimers. 

For the tetroses this is very simple. (Since there is 
only one triose, glycerose in d- and /-form, it is not con- 
sidered in this system.) In terms of the hydroxyl 
groups the d-tetroses are 


d-erythrose a, 8, d-threose —, 8, 


where the ‘“‘—’”’ indicates a hydroxyl group on the left 
side of the carbon chain. By noting that in eR Ythrose 


1 DEGERING, Ep. F., “An Outline of the Chemistry of the 
Carbohydrates,’’ John S. Swift Co., Cincinnati, 1943, p. 118; 
Porter, C. W., AND T. D. Stewart, “Organic Chemistry,” 
Ginn and Company, Boston, 1943, p. 262. 


the hydroxyl groups are ALL on the RIght the names 
and corresponding configurations are readily associated 
and remembered. The /-sugars are, of course, the 
mirror images and have the same names preceded by 
“]-,”’ 2. e., l-erythrose and /-threose. 

The d-pentoses grouped by epimeric pairs are, 


d-ribose a, B, y, d-arabinose —, 8, y, 


d-xylose a, —, y d-lyxose —, —, y. 


The d’s, a’s, and y’s are the same for all these sugars, 
so only the 6’s have to be placed correctly. In RIbose 
ALL the hydroxyls are on the RIght. In XYlose the 
“X” and “Y” are in the RIght order while in 1YXose 
the order is reversed. The similarity of the names RIB- 
ose and aRABinfose, and XYlose and 1YXose, makes 
remembering them easy. 

The hexoses become a little more complicated, but 
exactly the same principles can be followed. In epi- 
meric pairs the hexose arrangement is, 
d-altrose —, B, vy, 4, 
d-glucose a, —, y, 5, d-mannose —, —, y, 4, 


d-gulose a, B, —, 6, d-idose —, 8B, —, 6, 
d-galactose a, —, —, 4, d-talose —, —, —, 6, 


d-allose a, B, y, 6, 


Again the d’s, a’s, and 6’s are the same for all the sugars. 
Only the #’s and y’s must be fixed in the memory. In 
ALLose ALL of the hydroxyls are on the RIght side 


of the column of carbon atoms. After that the 6 
hydroxyl only is shifted to the left in glucose and 
mannose, then the y hydroxyl in gulose and idose, then 
both 6 and y in galactose and talose. This is a natural 
order and easy to remember. To associate names with 
these configurations a mnemonic device is resorted to, 
the only feat of sheer memory required by the system. 
By taking the first two letters of each member of the 
epimeric pairs (three letters in the case of glucose), 
and combining them, the following four nonsense words 


are obtained, 
gu-id ga-ta 


al-al glu-ma 


It is believed that these are distinctive enough to be 
remembered readily, since the names each syllable 
suggests are already part of a.chemist’s vocabulary. By 
recalling that for ALLose ALL the hydroxyls are on the 
RIGHT of the carbon chain, the correct orientation and 
association of formulas and names is obtained. The /- 
formulas are again the mirror images, of course. 

To summarize the method of classification: 

1. Place the d-sugars having ALL the hydroxyls on 
the RIGHT of the vertical carbon chain in the first 
place of the arrangement. 
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2. Place the d-sugar having only the hydroxyl in 
the 8 position on the left, second in the arrangement. 

3. Place the d-sugar having only the hydroxyl in 
the y position on the left, third in the arrangement. 

4. Place the d-sugar having the hydroxyl groups in 
both 6 and y positions on the left, fourth in the arrange- 
ment. 

5. The epimer of each sugar in the preceding ar- 
rangements has the hydroxyl group in the a-position 
on the left of the carbon chain. 

6. The /-sugars are the mirror images of the d- 
sugars (but not necessarily of opposite rotation.) 

Obviously, the second, third, and fourth statements 
do not apply to the tetroses, and the fourth does not 
apply to the pentoses. 
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Some may prefer to use the numbered carbon sys- 
tem rather than the Greek letters, in which case the 
a, B, y, 5-positions become 2, 3, 4, 5, respectively. 
The natural order is still preserved in the shiftings of the 
hydroxyl groups. By using the Greek-letter designa- 
tions the system ties in with the formation of the ring 
structures of the sugars. Since the ring formulas as 
written bear a conventional relation to the chain formu- 
las, this system can be used to aid in recalling them as 
well. 

The key words to the system are “ALL RIGHT.” 
Anyone who can remember this and the four nonsense 
words necessary for recalling the hexoses, can associate 
quickly the name of a sugar with its epimer and its 
structural formula. 


A Jet Propulsion Apparatus 


MARTIN MEYER 


Brooklyn College, Brooklyn, New York 


HE diagram illustrates an apparatus designed to 
show the rocket and jet propulsion principles. 














The flask contains water which, when boiled, spins the 
long vertical arm vigorously. The principle was first 


employed by Hero of Alexandria more than 2000 years 
ago, and one sees in it the lawn sprinkler and other 
familiar devices. But the particular,apparatus is new 
as far as the writer knows. 

It may be readily constructed from materials avail- 
able in the elementary chemistry laboratory—Florence 
flask, glass tubing, stopper, and two small washers (W 
and W’), cut from rubber tubing to fit tightly. Rela- 
tive sizes make little difference, but: 

1. The short outer glass tubing or sleeve, A, should 
be nearly the size of the inner rotor tubing, R. The 
contact surface may be lubricated with petroleum 
jelly, but this is not imperative and two suitable pieces 
of tubing are easily selected. 

2. The washers merely hold the rotor in place. 
They need not close the openings above and below 
them, and it is better if there is a little play, say, 
1/3 inch. 

3. It may be necessary to experiment a little with 
the size of the nozzle at the tip, which should not be too 
small. 

4. The rotor arm should be about 3 inches long, 
and the jet tube should bend backward at about 45°. 

5. The rubber stopper should be wired to the flask at 
D. The water should not boil too rapidly, or, in a 
remote chance, the flask might explode. 

Some quantitative characteristics of jet propulsion 
may be measured with this apparatus with fair results. 
The drawing, it is gratefully acknowledged, was made 
by Miss Ruth Bernholz. 








A Modified Mattuck Apparatus 


to Demonstrate Conductivity of Solutions 


LOUIS WEISS and ALEX OPOCHINSKY 
Metropolitan Vocational High School, New York City 


N USING Mattuck’s apparatus to demonstrate 

conductivity of electrolytes it became apparent 
that some modifications were desirable. The pressure 
bottle and its hoses were too distracting and these were 
entirely eliminated. To facilitate the addition of 
solutions and wash water from the rear by the in- 
structor, the separatory funnel was raised so that the 
lip came above the top of the board. The aspirator 
was also eliminated as the wide bore of the funnel stem 
permits a rapid flow through the wide rubber tubing 
to the sink. 

In order to improve the visibility and understanding 
of the circuit, a few simple changes were effected. The 
base board was replaced by two parallel strips of wood 
which support the board. All wiring was then done 
on the vertical board for the pupils to see. A few 
inches below the end of the funnel stem a hole was 
bored in the wood and the hose slipped through to the 
rear of the apparatus, to the sink. In the modified 
apparatus then, the entire circuit is in full view with all 
obstruction of the wiring eliminated. 

Since copper wires are so thin, the circuit was not 
seen very well by pupils in the rear seats. To overcome 
this difficulty the wood was painted black and a narrow 
strip of white paint was used to represent the circuit 
(Figure 1). The actual wiring may then be done on 
the back of the board. 

The parallel circuit used by Mattuck to show that 
solids will not conduct the current is superfluous. 
Powdered solids can be placed directly into the funnel. 
Water can then be added, whereupon the incandescent 
lamp will begin to glow almost instantly. When the 
stopcock is opened, the undissolved solid is easily forced 
out by further addition of water. Another distracting 
feature is thus removed. 

One of the most attractive features of the Mattuck 
conductivity apparatus is that it should be possible to 
demonstrate the effect of dilution on the conductivity 
of weak acids and bases. A small amount of concen- 
trated acetic acid or ammonium hydroxide, enough 
to cover the ends of the electrodes, is poured into the 
funnel. The lamp will not glow until the water is 
added, and the intensity will increase as additional 
water is added. However, if the switch is kept closed 
while the solution is permitted to drain, the glow will 
diminish steadily. This indicates that the active 
electrode surface is an added variable in this experiment 
during volume changes. This dictates that’ in the 


1 Marttuck, J. A., ‘‘Lecture table apparatus to demonstrate 
conductivity of solutions,’ J. CHem. Epuc., 21, 502 (1944). 
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original apparatus the volumes used in all the experi- 
ments must be kept constant and all dilutions must be 
made outside the apparatus in order to make the ob- 
servations valid. 

It was decided that an attempt should be made to 
make the effective electrode surface constant regardless 
of the volume of the solution. This was achieved by 
arranging the entire active electrode surface in a hori- 
zontal plane near the bottom of the funnel. The elec- 
trodes were made of No. 18 enameled copper wire. 
Three-eighths (*/s) inch of the enamel insulation was 
removed from the end of a piece of wire and the exposed 
section was bent into a semicircle. The wire was mani- 
pulated so that the exposed semicircle lay in a horizontal 
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A- Exposed Semi-Cired/or Electrodes 
B-*/8 Enameled Copper Wire 

C- Clamp 

D- Binding Post 

E - Dropping Funne/ 























FIGURE 2 


plane in the bottom of the funnel, the remaining in- 
sulated part of the electrode rising along the contour of 
the glass to the top of the separatory funnel. Here it 
was hooked over the lip of the funnel for support and 
then connected to the binding post (Figure 2). When 
finally assembled, the exposed sections of the electrodes 
should form a split circle of approximately */s-inch 
diameter in the base of the funnel. There should also 
be a '/s-inch clearance between the exposed sections of 
the electrodes and the glass. This will prevent current 
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flow through electrolyte films on the glass and will make 
washing of the funnel more efficient. Now the area 
between the electrodes is independent of volume changes 
in the vessel. 

The enamel insulation on the electrodes has with- 
stood the action of various chemicals exceedingly well 
Demonstrations and trial experiments were carried out 
repeatedly using dilute solutions of weak and strong 
acids and bases, varying concentrations of salt solutions, 
glacial acetic acid, and concentrated ammonium hy- 
droxide. Also nonelectrolytes such as methyl and iso- 
propyl alcohol, glycerin, benzine, benzol, carbon di- 
sulfide, ether, and sugar solutions have been used. The 
original electrodes are still being used. However, when 
the electrodes do become ineffective they can be re- 
placed in a matter of a few minutes. 

The Mattuck apparatus, modified as described, is 
extremely effective for classroom demonstrations of the 
conductivity of solutions. The circuit is simple, and 
visible even in a large classroom. There are no dis- 
tractions such as parallel circuits, pressure bottles, or 
rubber hoses that obstruct the full view of the circuit. 
Solids in powdered form can be placed directly into the 
cell to show the lack of conductivity, and water can 
then be added to dissolve the solids. Dilution effect on 
conductivity can also be demonstrated in the cell, using 
glacial acetic acid or concentrated ammonium hydrox- 
ide. 

The authors wish to express their appreciation to Mr. 
Jacob Rosenkrantz for his suggestions on electrode sur- 
face. 


**Noise-Water’’—A Food-first of the Americas 


BEN FROST 


UNLIKE many food products we have today, chocolate has 
been a favorite food in America since before white man first set 
foot on these shores. 

When the Spanish explorer, Cortez, came to the New World in 
1519, he discovered the native Mexicans consuming great quanti- 
ties of a food-drink which they called ‘‘chocolatl.’’ Although 
“atl” signifies ‘‘water’’ and is common enough in Mexican words, 
the meaning of the ‘‘choco’”’ part of the name has never been 
clear. According to an old French writer ‘‘choco”’ means noise. 
He says that the drink was named ‘‘chocolatl’’’ because it was 
beaten to a froth, with accompanying noise, before being drunk. 

The origin of chocolate is said to date from the day when an 
Aztec was quenching his thirst by sucking the juicy pulp which 
surrounds the seeds in the cacao pod. Having drunk his fill, he 
accidentally threw some of the seeds into the fire. A fragrant, 
spicy odor arose. Overcome with curiosity, he tasted for the 
first time the fine, full flavor of the roasted bean. 

However fanciful the tales of its beginnings, today the manu- 
facture of chocolate has become a gigantic industry. More than 
one-fourth of the entire output of chocolate is consumed in 
America; in 1940 we imported $32,140,658 worth of cocoa beans 
—680,000,000 pounds. 

Until 1900 tropical America produced more than 80 per cent of 


the world’s cocoa crop. By 1925 the center of production had 
been shifted to West Africa, with the Western Hemisphere pro- 
ducing only 32 per cent. And by 1938 the African exports equaled 
about two-thirds of the world exports, while Java and other Far 
East tropics were also important exporters. Cocoa cultivation 
was developed on an imposing scale in the Gold Coast, Nigeria, 
the Ivory Coast, the Cameroons, SAo Tome and eastward to the 
imperial colonies of Ceylon and the Netherlands East Indies, so 
that the belt in which cocoa beans are grown practically circles 
the entire world. Charles Morrow Wilson (Central America) has 
pointed out that ‘‘Cocoa is one of the great food crops of man.” 

The cacao tree, whose beans or seeds provide the raw material 
of all chocolate and cocoa, is a tropical plant, reaching a height of 
from 25 to 35 feet at maturity. The seeds grow in pods, which 
look like big deeply grooved cucumbers. Each pod, containing 
from 25 to 40 seeds or beans, grows from nine inches to a foot in 
length and about half as much in diameter, and varies in color 
from green when it is young, to a yellowish brown later. As they 
grow on the trees, the seeds, which are about the size of almonds, 
are embedded in a white pulpy mass which hold them in place 
inside the pod. 

It takes these pods about four months to ripen, but the cacao 
tree bears fruit—Reprinted, with permission, from The Crown 
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The Storehouse of Civilization 


Cc. C. FURNAS 


Yale University, New Haven, Connecticut 


T SEEMS to be customary, particularly among those 
who specialize in looking backward, to hold up the 
life in the Greek City States during their Golden 
Age as the ideal of the good life and the essence of 
democracy. Non-realists never seem to remember, or 
at any rate they never seem to point out, that during. 
that apparently Utopian period there were, for every 
10 freemen, at least 15 slaves who did the routine and 
menial work. So while the 10 freemen could talk and 
practice democracy, the 15 slaves could not even think 
democracy, much less live it. 

At present, for the first time in history, we have 
really come to a sound basis for a true democracy. 
For, instead of using human hands and backs for the 
routine tasks of daily living, we now have inanimate 
slaves. In our machinery, a single installed horsepower 
is equivalent to about 10 slavepower. This means that 
energy equivalent to about 10 sets of human muscles is 
ready to do the bidding of each of us at the throw of a 
lever or the push of a button. 

In order to bring out the fact that the new civilization 
which is arising is really different from anything in the 
past, it is well to have a sort of yardstick that will give 
us a measure of things. Since the year 1917, the min- 
eral wealth which has been taken from the surface of 
the earth and put into industrial production has equaled 
all of the mineral wealth which was taken from the 
earth in all preceding history. In other words, in the 
last 25 years, we have used more of the materials of 
our surroundings for industrial purposes than had been 
used during the last 25,000 years, or 25,000,000, if you 
choose. The amount may not continue to increase at 
this rate, but unquestionably more and more use will 
be made of our mineral wealth for industrial purposes, 
because there are hundreds of millions of people in the 
world who, when given the opportunity, will have a 
great desire for the goods and services and gadgets 
which are the products of industry. Does this give a 
little idea of the hugeness of our future task in the 
utilization of our resources? And some idea of the im- 
portance of maintaining their supply? 

But what of the sources of power with which our 
machine slaves are to be run? How long will we be 
able to continue our civilization at this present rapid 
rate? How much coal and gas and water power is there 
to devote to power production? And how many tons 
of the metals from which our machines are made? 
What of our agricultural land, source not only of food 
but of many of the raw materials for today’s industries? 
Can our great storehouse supply all that we need? 


‘ 


SOURCES OF POWER 
Much of our present-day living is built around the 


gasoline tank with its store of liquid fuel. In this 
country we have been using one and one half billion - 
barrels of petroleum every year; which is quite a puddle 
of any kind of fluid. The known oil reserves at the 
present time are enough to last for twenty or thirty 
years. More petroleum will be found, of course, but we 
have no assurance that it will be enough to guarantee 
a supply to this country for as long as the rest of this 
generation. 

After this most lush of our natural resources is gone, 
what can we do about it? For one thing, if anyone 
could devise a practical method of getting all of the 
petroleum out of a given deposit in the ground, our 
potential supply would be doubled. For, even with the 
best of modern practices, about 60 per cent of the 
original petroleum is left in the ground after the well 
has gone dry. This is due to the great porosity of the 
oil-bearing rock and its consequent affinity for the 
treasure it holds. The output of some wells has been 
increased by the process of repressuring. This may 
be done by pumping either water or gas back into the 
wells to force the oil out. Even this procedure, how- 
ever, does not increase the yield by more than an addi- 
tional 10 per cent. Complete extraction of all of the 
petroleum is a problem in surface chemistry which has 
yet to be solved. 

Germany, and England to some extent, have added 
to their petroleum supply by preparing liquid fuel from 
the hydrogenation of coal. The fuel produced by such 
a method is from four to five times as expensive to 
manufacture. 

The extraction of oil directly from the oil-bearing 
shale is another possible source of liquid fuel. Scotland 
has used this method, and it was considered in the 
United States during World War I. The amount of oil 
shale available runs to billions of tons. However, only 
one to five barrels of crude oil can be obtained from a 
ton of rock. The labor involved in extracting a billion 
barrels of oil a year would consequently be enormous, 
and the rocky residue would bring up a major waste 
disposal problem. One researcher found that the shale 
from which oil had been removed was good material 
for the manufacture of tooth paste. If the rock neces- 
sary to produce a billion barrels of oil were used in the 
manufacture of tooth paste, each person in the country 
would have ten tons of tooth paste a year! Hardly a 
solution to a waste problem. 

The use of alcohol manufactured from farm products 
cannot be enthusiastically considered, for it is not eco- 
nomical to produce all the fuel by this means. It may, 
however, be used as a diluent. The poor economy 
involved can readily be seen, as all the available corn 
land would have to be devoted to this purpose, and 
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there would be none left to devote to food needs. What 
is more, the land would soon be ruined by perennial 
usage for the same crop, unless the American farmer 
were to display far greater facility in the use of com- 
plete artificial fertilizers than he has to date. 

It would be entirely correct to say that recourse to 
these new fuels would only postpone the evil day of 
depletion. But in the matter of coal, we happen to be 
quite happily situated. At the present rate of con- 
sumption, there is enough coal, in proved reserves, in 
the United States to last for three thousand years. 
However, this is by no means all high-grade coal. An- 
other thing, we Americans have over 50 per cent of the 
known coal reserves in the world. Yet we have only 
6 per cent of the world’s population. If the other 94 
per cent of the world’s peoples decide that we shall 
have to divide up, then it will be quite likely that this 
particularly valuable storehouse will not last as long as 
we had thought. Remember that redistribution of use 
of the world’s resources is one of the economic items 
back of World War II. 

Water power is a third valuable asset with which 
this country is endowed. One three-thousandth of the 
water on the earth’s surface is evaporated by the sun’s 
rays each year. Much of this is again precipitated in 
the high mountain ranges. The industrial eastern 
portion of our country is particularly favored by a 
relatively heavy rainfall. Consequently there is much 
hydroelectric power available. Yet, hydroelectric 
power makes up only 45 per cent of the total electric 
power supply. And at present the total energy de- 
mands are 20 times those of the electric demands. 

But no matter what new techniques we develop, or 
new methods of using our sources of coal, petroleum, 
and hydroelectric power, eventually these storehouses 
will be either empty, or insufficient to meet our de- 
mands. 

What is to be done then to assure an energy supply? 
Among the many ideas which have been proposed for 
the development of power, perpetual motion machines 
have probably gained the most attention—with the 
least reason. Somewhat more practical, the French 
scientist, Claude, built a device which took advantage 
of the difference in temperature of the surface water and 
the deep water of tropical oceans. Polar windmills have 
been suggested as a means of harnessing the ever- 
blowing polar gales. Power from waves is not practical. 
Tide motors have been tried at certain judiciously 
chosen locations about the world. But they are ex- 
pensive to construct, more so than steam turbines, and 
the places of vantage are too remote from centers of 
industry to transmit the energy harnessed. 

Atomic energy is yet another possibility. Atoms are 
concentrated energy, as recent research has demon- 
strated. But, as yet, more energy must be put into the 
process of smashing atoms than is obtained as a result. 
And the problem still remains to convert the energy 
obtained into a usable form. 

Thus far we have only sponged off the fossil energy 
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of past ages. It cannot goon forever. Conserve all you 
wish, but eventually the last bit of petroleum and coal 
will be gone. We can only stretch the supply—not 
retain it permanently. Eventually we must go back 
to the original source of energy, the sun’s rays. If we 
must rely on the sun’s rays, then it will be up to the 
chemist and the physicist to find the means of doing it. 
It will require ingenuity, but the solution to the preblem 
certainly should not be impossible. There will be an 
ample supply of energy with which to work, for as much 
energy falls on the earth in one minute as the human 
race utilizes in one year. We will never run out of 
energy altogether; but we may never have enough in- 
genuity to use it effectively. 


THE METALS 


When you burn a gallon of gasoline it is gone as an 
energy producer, and you won’t get it back. But when 
you use a pound of metal, it is always there on the sur- 
face of the earth. It may be corroded, it may be torn 
to bits, it may be scattered over the landscape. But the 
Law of Conservation of Matter is still working, and the 
metal is not destroyed. It is only changed in form, or 
dispersed over the country. The miner, in his many 
modified forms, has been the backbone of our civili- 
zation, for he has dug out the raw materials of the 
earth. His task becomes progressively more difficult 
as we use up the best mineral deposits. 

For, obviously, the rich deposits of ores which we now 
use will not last forever. If the rising curve of use 
continues, there may be a very serious shortage before 
the end of this generation. As far as America’s present 
situation is concerned, we frequently hear about the 
lack of an adequate supply of workable grades of ores of 
tin, tungsten, chromium, and manganese. 

We feel comfortable about our supply of the im- 
portant metals, copper and zinc. But the known 
supply of American copper and zinc ores of the grades 
now considered workable will last only about 25 years 
at the present rate of consumption. In evaluating the 
gravity of the situation for a society without metals, 
remember that the savages are separated from the 
civilized by the knowledge, or lack of knowledge, of the 
uses of metals. 

How are we to go about helping the Law of Conser- 
vation to act? How are we to insure ourselves of a con- 
tinuing supply of the important minerals? The ways 
in which conservation can be brought about are three. 
First, reuse of the metals that have already been used 
once. The junk or scrap man, in other words, is a real 
benefactor to civilization, for he collects the things that 
are mechanically worn out and delivers them to the 
metallurgical plant where they can be prepared for use 
again. But only a percentage, at best, can be recovered; 
about 25 per cent of the iron and steel, 30 per cent of 
the lead, 10 per cent of the zinc. 

Secondly, technology can help man conserve his 
mineral supply. For technology can devise ways and 
means of. satisfactorily using lower grade materials. 
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At the present time, for example, a usable grade of iron 
ore in this country must have about 50 per cent of iron. 
The supply of this grade of ore in the tremendous 
Mesabi fields in Minnesota will last for only 100 years. 
Yet, if improved technology could enable us to make 
use of iron ore which contains only 35 per cent of iron, 
there would be enough in this field to supply our needs 
for 7000 years. To some extent, more of all other 
metals would be made available by changed techniques 
in refining ores. 

The history of gold recovery in this country is the 
result of improving methods. At first, gold was re- 
covered from our western ores by the crude gravity 
methods—pans and sluice boxes, for example. Great 
ore dumps piled up around the worked-out deposits. 
Then the amalgamation process came into use.“ It was 
more efficient, so the old ore dumps were worked again 
by this new method. Then came the cyanide process, 
and it became profitable to go back and work the old 
ore dumps yet again, for the cyanide process was far 
more efficient than either of the others. For the future, 
chemists have large blocks of work cut out for them in 
the field of technology. The amount and value of the 
metal deposits depend greatly upon the methods avail- 
able for handling the materials. 

The third important item in metal conservation is the 
use of substitutes of the more plentiful metals for those 
which are scarce. For instance, though rich iron de- 
posits might eventually be depleted, it would be almost 


impossible to use up all of the potential aluminum 
supply—provided, that is, that a method can be 
developed for: the recovery of aluminum metal from 


clays. The research departments of the Tennessee 
Valley Authority have done extensive work on the 
preparation of pure alumina from high-grade clays. It 
is quite possible that this work may soon make the 
process commercially practical. 


Another example of a possible substitute for less 
abundant materials is the still lighter metal, magnesium. 
On January 15, 1942, the Dow Chemical Company put 
a plant in operation at Freeport, Texas, for the recovery 
of magnesium metal from sea water. This was the 
first industrial tapping of the absolutely limitless mine 
of the sea for one of our most important metals. The 
sea is a source which one can quite confidently say will 
never be depleted—if by ‘‘never”’ you can confine your- 
self to a few million years. : 


One could go through the record of production and 
use of some twenty of our important metals and find 
ways of conservation by recirculation, use of lower 
grade ores, or by substitution. With such an extensive 
list of possibilities, we can be fairly cheerful about the 
future. Provided, of course, that our civilization 
supports enough research and development to solve the 
problems. Conservation is one of those bridges which 
you must prepare to cross before you come to it. 
Which means that America must learn to use foresight 
—a commodity which has often been lacking in this 


country. 
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AGRICULTURE 


The third great resource of our lives is the agricul- 
tural land. For, no matter how industrialized we may 
become, we must always depend on the soil and its 
products for a great part of our activities. We must 
always eat—the idea of a manufactured pill diet is a 
myth. Industry, too, depends on the soil for a great 
many of its raw materials. 

In view of these demands, we may become a little 
frightened if we look at the trend of things agricultural 
in the United States. In spite of all our advances in 
machinery, in increased knowledge, and in the efforts 
of thousands of county agents, agricultural short 
courses, and farmers’ meetings, the productivity of the 
American land, as measured by the average production 
per acre, has been steadily going down during the last 
two generations. 

There are two reasons for this decrease in productiv- 
ity. First, the lack of maintenance of fertility of the 
soil. Second, mechanical erosion by wind and water. 

The activity of various groups, particularly the 
Department of Agriculture, within the last several years 
has pointed the way to the solution of the problem of 
erosion. Soon erosion will no longer be a cause of de- 
creasing soil productivity. 

But the problem of maintaining the permanent 
fertility of the soil is still a long way from being solved. 
It is quite likely that recent scientific advances have 
made available enough information to point the way to 
success. Success will be attained largely through ade- 
quate artificial fertilization and proper types of crops. 

The increasing use of agricultural products as the 
raw materials of industry really aggravates the prob- 
lem, although it may help out the farmer by finding a 
market for his goods. For instance, in each Ford car 
there are about thirty pounds of soy beans used for 
plastics and for lacquer. Furfural is extracted from 
rice hulls and used for the refining of lubricating oil. 
All the fibers which we get from the soil are carried off, 
and consequently bring about a depletion of the original 
virgin land. This is true also of lumber, and especially 
of those types of lumber which are used for making 
paper. There is an increasing tendency to use agricul- 
tural raw materials for plastics and a variety of minor 
chemical products. This tendency will probably in- 
crease in volume. Although these products consist 
largely of carbohydrates, or of other compounds of 
carbon, hydrogen, and oxygen, the total removal of 
the more essential mineral elements of the soil already 
amounts to a very large figure per year, and will un- 
doubtedly increase tremendously. 

Though industry brings an added burden and prob- 
lem to the maintenance of the fertility of the soil, in- 
dustry may eventually be the means of solving the 
problem. Eventually the interested people—and 
everyone should be interested—will realize that this is 
a scientific and technological problem, and must be 
solved by the methods of scientists and technologists. 
It will be solved in the same way that complex problems 
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are solved in large industries. As a matter of fact, 
agriculture is an industry, a huge one. It just has not 
realized it yet. 


CONSERVATION AND DEMOCRACY 


Not only the political form of democracy, but also 
the very fundamental basis of a civilized life depends 
upon the maintenance and wise use of these natural 
resources which fill our great Storehouse of Civilization. 
The problems of wise use and conservation are going to 
become more difficult in the future than they are at 
present, not only because of the great depletion which 
has already taken place, but because of the probably 
greater use throughout the entire world of these re- 
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sources. But every depletion problem has an answer, 
through the clever manipulations of chemists, physi- 
cists, and technologists. Their contributions to con- 
servation can be positive. They can extend the avail- 
able supply of raw materials on and on, practically 
without limit. The answers to the problems which 
such a future presents will not come from patient and 
watchful waiting, however. They will come only from 
hard. work—careful research. The only real danger is 
that we may wait too long before we begin to look for 
the answers. Some of the problems are immediately 
pressing. It is high time for more chemical research to 
be directed toward the positive side of conserving our 
natural resources. 


Examinations 


H. P. HAMMOND. 
Pennsylvania State College, State College, Pennsylvania 


EVERY so often there is agitation to abolish final examina- 
tions, or at least to exempt high-ranking students from them. 
The chief reasons advanced for the proposal are that the in- 
* structor knows who is going to pass anyway, so why require stu- 
dents to prepare for a final examination; it is simply a cramming 
process; and so on. This reasoning is based upon such incom- 
plete appreciation of the reasons for holding final examinations 
that the subject may be worth reviewing. 

It is true, of course, that in some courses instructors have a 
pretty good idea which students will pass the final examination, 
and if the only reason for giving them were to assign final grades 
they might be omitted for some students. However, the purpose 
of passing or failing students is but one of their less important pur- 
poses. There are at least three others: First, the final examina- 
tion requires the student to review the entire course and thus 
reinforce his knowledge and to obtain a more comprehensive idea 
of the whole subject than he would otherwise secure. Many stu- 
dents, especially those who learn easily, forget almost as quickly 
as they learn. Very few items of knowledge or skill are learned 
permanently the first time they are studied. The need of repeti- 
tion is one of the most fundamental laws of learning. Even if the 
subject is reviewed in class toward the end of the course, nothing 
serves so well to rivet its important principles in the student’s 
mind as does his own independent study for the examination. 
In my own opinion, this is such a valuable educational attribute 
as fully to justify the final examination. 

Second, examinations make the student rely on himself. This 
also is a very valuable educational characteristic, especially for 
engineers who must learn to rely on themselves if they are to 
reach the upper levels of professional responsibility. Develop- 
ment of this attribute is just as important for the best students as 
it is for others. 

Third, the satisfactory passing of an examination gives the stu- 
dent a sense of satisfaction that rests on achievement. We are 
told that the ‘‘law of satisfaction” is a basic law of learning; that 
is, we do well those things from which we get satisfaction, and we 
value the recognition of achievement accordingly. The assign- 
ing of grades, it seems to me, is the most tangible evidence we can 
give of such recognition. Whether grades are given or not, how- 
ever, the successful passing of a fair examination in a difficult 
course yields a sense of satisfaction that nothing can replace. 

If it is accepted that final examinations have educational value, 
how can those values best be realized? 

The answer to this question rests in part on the nature of the 
course and of the examination itself. For some special purposes 
an “inventory’’ type of examination may be appropriate. By 
this term is meant the type of examination which aims to deter- 


mine what specific items of subject matter the student has re- 
tained. Judgment, ability to bring principles to bear upon the 
solution of a problem, and comprehensive grasp of the subject are 
not well measured by this type of test. Such examinations are 
often of the objective type and employ true-false, multiple choice, 
and identification types of questions. They are easily scored by 
means of a key and can even be scored mechanically, as in the 
Army Specialized Training Program achievement tests. While 
examinations of this type are used rather widely, they have only 
limited usefulness in engineering. 

When abilities other than mere memorization of items of sub- 
ject matter are to be measured, various types of examinations are 
employed, ranging from solution of problems requiring the ap- 
plication of a single principle to those involving the completion of 
a comprehensive project or design. In engineering, a combina- 
tion of questions requiring derivation of formulas, solution of 
problems, and essay-type answers are often used. They are 
usually scored to some extent according to the judgment of the 
examiner and some credit is often given for incomplete or par- 
tially correct answers. Subjective grading is probably the chief 
defect of this kind of test. 

In some examinations of this type the student is permitted to 
use tables of data or even in the cases of problems of rather com- 
prehensive scope, to refer to textbooks. Ina variant to the usual 
type of examination, one portion of the test must be answered 
without use of any aid except a slide rule, while the second por- 
tion permits reference to any notes or books the student wishes to 
use. The solution of problems of this portion requires sound gen- 
eral knowledge of the subject, ability to use more than a single 
principle, and often the exercise of judgment. They are appro- 
priate only in the more advanced technical courses. When ex- 
aminations of this type are used plenty of time must be allowed; 
speed should not be a primary consideration. 

A still more advanced examination is of the project type, 
wherein the student is given a single problem or design for which 
he is required to find a solution using any reference material he 
wishes. Such examinations may be given during a single period 
or they may be spread over several periods. They find their 
highest development in architecture in the form of designs executed 
in competitions conducted in a number of schools simultaneously. 
These tests, it seems to me, are the most valuable we have yet de- 
vised, since-they measure the ultimate qualification that should 
be obtained, namely, the capacity to turn out a completed proj- 
ect requiring the use of knowledge, skill, judgment, originality, 
taste, and resourcefulness. 

It is one of the unfortunate attributes of customary college 

(Continued on page 185) 
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Modified Analysis 
of Qualitative Analysis Groups II and Ill 


THOMAS C. HERNDON 
Eastern Kentucky State Teachers College, Richmond, Kentucky 


NUMBER of schemes of qualitative analysis have 
A been suggested to avoid the use of hydrogen 
sulfide as a precipitating agent in qualitative analytical 
work. Among these schemes may be mentioned those 
outlined by Brockman,! Mullinix,? and Gerstenzang.® 
The scheme of analysis which the writer wishes to. pre- 
sent does not eliminate the use of sulfides entirely but 
does: (1) avoid the slowness of the usual gaseous pre- 
cipitation with H,S, (2) reduce the amount of H2S odors 
in the laboratory to a minimum, (3) considerably re- 
duce the time for the detection of the cations, and (4) 
appear about as accurate as the traditional methods. 

The present modification is confined entirely to the 
analysis of Groups II and III. Group I is separated 
and analyzed by the usual methods. Group II (in the 
present modification) consists of those cations which 
may be precipitated by NH,OH in the presence of 
NH.Cl, namely, mercury(ic), bismuth, lead, anti- 
mony, tin, iron, aluminum, and chromium. Group III 
(in the present modification) consists of the remaining 
cations which may be precipitated by (NH,)2S in an 
ammoniacal solution, namely, copper, cadmium, cobalt, 
nickel, manganese, and zinc. Arsenic is next removed 
by itself and then the Groups IV and V may be sep- 
arated and analyzed by the usual methods. 

Following is an outline of the proposed procedures. 


QUALITATIVE DETERMINATION OF THE CATIONS 


(Procedures 1 to 4, inclusive, show the analysis of 
Group I. Since this is done by the usual methods, it is 
omitted here). 


Procedure 5: Test for the phosphate ion: 


If the phosphate ion is present in the solution, it will 
cause the formation of insoluble phosphates of the 
alkaline earth metals and magnesium when the solu- 


tion is made alkaline with ammonia. Therefore, the 
solution must be tested for phosphate ion and pre- 
cautions taken to retain the alkaline earth metals and 
magnesium. To about 2 to 3 ml. of the filtrate from 
Group I (or of the solution for analysis) add an equal 
volume of a solution of ammonium molybdate and 
make acid with nitric acid. Heat nearly to boiling for 
a few minutes. A yellow, finely crystalline precipitate 
which may form slowly is ammonium phosphomolyb- 
date and shows the presence of the phosphate ion. If 


1 Brockman, C. J., “Qualitative Analysis,’ Ginn and Com- 
pany, Boston, 1930. ‘ 

2 MULLINIX, R. D., J. Cuem. Epuc., 1, 67 (1924). 

* GERSTENZANG, E. M., J. CuEm. Epuc., 11, 369 (1934). 


the test is positive follow procedure 14, when you reach 
that point in the scheme of analysis. If the test is 
negative disregard procedure 14 and go on with pro- 
cedure 15. 


Procedure 6: Precipitation of Group II—Hg(ic), Pb, 
Bi, Sb, Sn, Fe, Al, Cr: 


To the filtrate* from Group I (or 20 ml. of the solu- 
tion for analysis) add 2 or 3 g. of solid ammonium 
chloride and then add, with constant stirring, enough 
6 M ammonium hydroxide to make the solution smell 
strongly of ammonia, AFTER blowing the excess 
vapor from the surface of the mixture. Filter as 
quickly® as possible and reserve the filtrate for sub- 
sequent groups. Wash the precipitate two or three 
times with hot water containing a little ammonium 
hydroxide. Suction filtration is best at this point. 


Procedure 7: Separation of Hg, Sb, and Sn ions from 
Pb, Bi, Fe, Al, Cr ions: 


Transfer the group precipitate to an evaporating 
dish and add 5 to 10 ml. of sodium polysulfide solution 
depending on the amount of the precipitate. Warm 
gently but do not boil, and STIR THOROUGHLY. 
Filter, remove the filtrate containing the thio-salts of 
Hg, Sb, and Sn, and wash the residue on the filter with a 
small amount of water containing a few drops of so- 
dium polysulfide solution. Save the residue and pro- 
ceed with the analysis of the polysulfide filtrate. 


Procedure 8: 
Hg(ic) ion: 
Acidify the polysulfide filtrate with hydrochloric 
acid (HOOD), filter, and wash precipitate. Save the 
filtrate,® which should be boiled immediately to re- 
move H,S.’? Discard the washings. Place the residue, 
which is composed of the sulfides of mercury, antimony, 


Separation and identification of the 


4 At this point, add a few ml. of 3 per cent H2O:2 to reduce 
chromates and permanganates before adding the NH,Cl. Boil 
to destroy excess H2O>. 

5 This filtration should be carried out as quickly as possible 
because manganous hydroxide, Mn(OH)s, is oxidized by atmos- 
pheric oxygen in an alkaline medium to one of its higher oxides, 
all of which are insoluble in ammonium salts. This would re- 
sult in the inclusion of manganese in Group II and interfere with 
its detection at the proper place in Group IIT. 

6 The sodium polysulfide contains free sodium hydroxide which 
tends to dissolve both aluminum and chromium hydroxides,’ both 
of these hydroxides being amphoteric. 

7 The hydrogen sulfide should be boiled out to prevent its 
being oxidized atmospherically to sulfuric acid, thus interfering 
with the test for chromium, due to the formation of white lead 
sulfate. 
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and tin, in an evaporating dish and add 10 ml. of con- 
centrated hydrochloric acid. Boil and stir for two or 
three minutes and filter. The residue is HgS and the 
filtrate contains SbCl,” and SnCl,=. Save the filtrate for 
procedure 9. Dissolve the residue of HgS in 2 or 3 ml. 
of aqua regia, boil to destroy excess aqtia regia, dilute 
to 5 ml. with water, filter if cloudy, and add 5 ml. of 
CLEAR stannous chloride solution. A white precip- 
itate which often has a silky appearance and which may 
turn gray or even black confirms mercuric ion. 


Procedure 9: Separation and identification of anti- 
mony and tin ions: 


To the acid filtrate from procedure 8 (SbCl, and 
SnCl,= solution) add three or four iron nails and boil for 
afew minutes. The tin is reduced to the stannous state 
and the antimony is reduced to black particles of the 
free element. Remove the nails and filter off the anti- 
mony. To the filtrate, add 5 ml. of mercuric chloride 
solution. A white, silky precipitate which may turn 
gray or black confirms stannous ion. 

To confirm antimony ion, dissolve the black precipi- 
tate of free antimony in 3 or 4 ml. of aqua regia, boil 
to destroy excess aqua regia, dilute to 10 or 15 ml. with 
water, and pass in hydrogen sulfide. An orange pre- 
cipitate of Sb2S; confirms antimony ion. 


Procedure 10: Separation of lead and bismuth ions 
from iron, aluminum, and chromium ions: 


To the residue saved from the polysulfide treatment 
in procedure 7, add 10 ml. of 2 M hydrochloric acid and 
stir well. Filter off the undissolved PbS and Bi2S;. 
Boil and reserve the filtrate which contains FeCl;, 
AICl;, and CrCl3. Wash the residue with two small 
portions of hot water. 


Procedure 11: Separation and identification of lead and 
bismuth ions: 


Transfer the residue of PbS and Bi2S; from procedure 
10 to an evaporating dish and dissolve in a few ml. of 
concentrated nitric acid. Add, with caution, 2 or 3 ml. 
of concentrated sulfuric acid and evaporate (HOOD) 
until dense fumes of SO; come off. Cool and care- 
fully add about 10 ml. of water.* If lead ion is present, 
it will precipitate out as white PbSO,, thus confirming 
the lead ion. 

Filter off any PbSO, and discard it. Make the fil- 
trate alkaline with ammonium hydroxide. If bismuth 
ion is present, it will precipitate as white Bi(OH);. 
Filter this off and wash. Pour 5 ml. of sodium stannite® 
solution over the precipitate on ‘the filter. An im- 
mediate blackening of the precipitate confirms bismuth 
ion. 


Procedure 12: Separation of iron ion from aluminum 
and chromium ion: 


8 If too much water is added there is danger that bismuth 
ion will precipitate as a basic salt and thus confuse the lead test 
and lessen the sensitivity of the bismuth test which follows. 

* Sodium stannite is made by making 2 or 3 ml. of SnCk solu- 
tion strongly alkaline with sodium hydroxide solution. 
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To the filtrate from procedure 10, containing FeCl,, 
AICI;, and CrCl;, add the filtrate from procedure 8, and 
make the solution decidedly alkaline with sodium hy- 
droxide. Then add, little by little and with stirring, 
about 2 g. of sodium peroxide. Heat to boiling to de- 
stroy excess peroxides and filter with suction. The 
filtrate contains sodium aluminate and sodium chrom- 
ate. Save this filtrate for procedure 15. The residue 
of ferric hydroxide, Fe(OH);3, should be thoroughly 
washed. 


Procedure 13: Identification of iron (ferric ion): 


Dissolve the ferric hydroxide from procedure 12 in 
10 ml. of 2 M hydrochloric acid and add a few ml. of 
potassium thiocyanate solution. A deep red solution 
containing the complex ferric-thiocyanate ion confirms 
the ferric ion. 


Procedure 14:'° Elimination of phosphate ion and re- 
covery of alkaline earth metals and magnesium: 


If phosphate was shown to be present by procedure 
5 add a few ml. of ferric chloride to the solution con- 
taining ferric thiocyanate, heat to boiling, and add a 
small excess of sodium acetate. Continue boiling until 
precipitation is complete. Filter off the precipitate of 
ferric phosphate and basic ferric acetate. Wash the 
residue with a little water and add the washings to the 
filtrate. Discard the residue. Make the filtrate 
alkaline with sodium carbonate, heat to boiling and 
allow the precipitate, if any, to settle for some minutes. 
Filter and wash the residue thoroughly to remove all 
salts of sodium and potassium. The residue is com- 
posed of one or more of the following: CaCO ;, SrCO;, 
BaCO;, MgCO;. Dissolve this residue by pouring 10 
ml. of 2 M hydrochloric acid over it on the filter. Wash 
the paper with a few ml. of water and add filtrate and 
washings to the filtrate from the arsenic sulfide. See 
procedure 22. 


Procedure 15: Separation and identification of alu- 
minum ion: 


To the filtrate containing sodium aluminate and 
sodium chromate from procedure 12 add nitric acid 
until the solution is acid to litmus. Then add am- 
monium hydroxide until the solution is alkaline. A 
white precipitate is probably aluminum hydroxide and 
indicates the presence of aluminum ion. Filter off this 
precipitate and save filtrate for procedure 16 to test for 
chromium ion.’ Wash the residue on the filter and dis- 
card washings. Dissolve residue from the filter with 
5 ml. of 2 M hydrochloric acid, add a few drops of 
aluminon reagent to the solution, and make alkaline 
with ammonium carbonate. A red precipitate of the 
aluminum lake confirms the aluminum ion. 


Procedure 16: Identification of the chromium ion: 


Acidify the filtrate from the aluminum hydroxide 


10 If procedure 5 showed the presence of phosphate ion, carry 
out procedure 14. If phosphate was found to be absent, dis- 
regard procedure 14 and go at once to procedure 15. 
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precipitate of procedure 15 with acetic acid and add 5 
ml. of lead acetate solution. A yellow precipitate of 
PbCrO, confirms the presence of chromium ion. 


Procedure 17: Precipitation of Group III—Cu, Co, 
Ni, Cd, Mn, Zn: 

To the filtrate from Group II (or 20 ml. of a solution 
for analysis) add 5 ml. of ammonium sulfide solution 
to precipitate the sulfides of Cu, Co, Ni, Cd, Zn, Mn. 
Heat to boiling and filter hot. Reserve filtrate for sub- 
sequent groups.. Wash residue with hot water con- 
taining a little ammonium nitrate. Discard washings, 
which should be clear. 


Procedure 18: Separation of Cu, Co, and Ni ions from 
Cd, Mn, Zn ions: 


Place the group precipitate in a small beaker or 
evaporating dish and treat with 20 ml. of 2 M hydro- 
chloric acid to convert the CdS, MnS, ZnS into the 
corresponding chlorides. The CuS, CoS, NiS are rela- 
tively unaffected by this treatment, if it is com- 
pleted in the space of a few minutes. Do not let the 
acid stay in contact with the residue more than a very 
few minutes. Filter, reserve the filtrate, and wash the 
residue, discarding the washings, but, of course, reserv- 
ing the residue. 


Procedure 19; Identification of the Cu, Co, Niions: 


These three ions may be detected in the presence of 
one another. Dissolve the sulfide residue from pro- 
cedure 18 in 5 ml. of 6 M nitric acid, heat to boiling, 
and dilute to about 15 ml. Filter if not clear. Divide 
into three portions. To one portion add about 5 ml. 
ammonium acetate solution and about 5 ml. of po- 
tassium ferrocyanide solution. A reddish or mahog- 
any-colored precipitate (sometimes purplish, but al- 
ways colored) of copper ferrocyanide confirms the cop- 
per ion. To a second portion add ammonium acetate 
solution and 5 ml. of Nitroso-R-salt. A red color 
(sometimes brownish) in the solution. confirms cobalt 
ion. To the third portion add 5 ml. of dimethylgly- 
oxime solution and make alkaline with ammonium hy- 


11 Tf some of the dark-colored precipitate passes through the 
filter, it is probably NiS or CoS, or both. In this'case, add a few 
grams of solid ammonium nitrate to the mixture, heat to boiling 
for a few minutes, and then filter. The ammonium nitrate and 
heating usually breaks the colloidal sulfide, causing them to 
precipitate. . 
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droxide solution. A bright red precipitate!? confirms 


nickel ion. 


Procedure 20: Separation and identification of zinc 
ion: 


Treat the solution containing the chlorides of Cd, 
Mn, and Zn with 6 M sodium hydroxide until it is de- 
cidedly alkaline. Cadmium and manganese hydroxides 
precipitate while the zinc ion forms sodium zincate, 
NaeZnO2. Filter, remove the filtrate, wash precipitate, 
and reject washings. Acidify the solution containing 
the sodium zincate with acetic acid and pass in hydro- 
gen sulfide. A white precipitate’ of ZnS, soluble in hy- 
drochloric acid, confirms zinc ion. 


Procedure 21: 
ganese ions: 


Dissolve the hydroxides of cadmium and manganese 
in 10 ml. of 1 M sulfuric acid and divide into two equal 
parts. To one part add a few grains of sodium bis- 
muthate. A pink or purple color due to the formation 
of the permanganate ion confirms manganese ion. This 
color may fade rather quickly, but if it shows at all, it 
proves the presence of manganese. To the other part 
of the solution, add 25 ml. of water and saturate with 
hydrogen sulfide. A yellow precipitate’ of cadmium 
sulfide confirms cadmium ion. 


Identification of cadmium and man- 


Procedure 22: Precipitation and identification of ar- 
senic: 


Acidify the filtrate from Group III (or a prepared 
solution for analysis) with hydrochloric acid (HOOD) 
and heat just to boiling. Do not boil, for AsCl; is 
volatile. A yellow, curdy precipitate indicates ar- 
senic. A white precipitate is free sulfur. In any case, 
filter, save filtrate for subsequent groups, and dissolve 
residue in 5 ml. of concentrated nitric acid. Add 5 ml. 
of magnesium chloride, filter if cloudy, and make al- 
kaline with ammonium hydroxide. A white, crystal- 
line precipitate of magnesium ammonium arsenate, 
MgNH,AsQu, confirms arsenic. 

(Procedures 23 to 28 are devoted to the separation 
and analysis of Groups IV and V). 

12 The addition of 10 ml. water and a few ml. of ether, shaking 
and allowing to settle, emphasizes the nickel test. 

18 This precipitate may not be snow-white. 


14 Tf no precipitate forms, add 20 ml. more water to reduce the 
acidity and again saturate with hydrogen sulfide. 


EXAMINATIONS (Continued from page 182) 


procedures that they tend to place the student in competition 
against the instructors instead of in cooperation with him. Many 
students take examinations in a spirit of trying to satisfy the in- 
structor. They do not even do as a singleton does in golf—shoot 
against his own bogey or par. They are not competing with the 
aid of the instructor against an opponent; the instructor himself 
is in the position of opponent. This, intrinsically, is not through 
any fault of either students or instructor, but of the situation. I 
think that some of the harm of this condition might be removed 
by using types of examinations in which the questions, dr the gen- 
eral situation, are such that the student recognizes that he is 
really testing his ability and his achievement against some ex- 


ternal standard or norm or against the performance of another 
group of competitors. 

Two things might be used more widely in engineering in this 
direction: one is the project or design type of examination—in 
advanced subjects, of course—which, as previously mentioned, 
are successful in architecture. The other is the use of outside ex- 
aminers. This practice has been used by a number of schools 
with some success, but has not become very general. However, 
this scheme has the merit of lining up instructor and class as a 
team against an opponent and thereby tends to increase morale. 
It deserves further trial—Reprinted from Penn. State Engineer, 
27, 12 (1944). 
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Use of Concentration-Time Curves 
in the Teaching of Chemical Equilibrium 


Vv. R. DAMERELL 


Western Reserve University, Cleveland, Ohio 
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FIGURE 1 


ONCENTRATION-time curves are not generally 

used as teaching aids in the explanation of chemical 
equilibrium at the general chemistry level, to the 
writer’s best knowledge. The writer uses such curves 
in lectures and classroom discussions, and has found 
them to be of great help in clearing up student diffi- 
culties. Using a general equation such as 


A+ B#s5C + heat 


consider the effect of increasing the concentration of 
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FIGURE 3 


reactant A. This can be shown with a curve of the type 
shown in Figure 1, using any values for A, B, and C. 
At time 7, more A is introduced, leading to the in- 
crease in concentration shown. From time 7; to 7; 
the system is momentarily not at equilibrium, then at 
time 7, equilibrium is reéstablished, as shown by the 
concentration lines’ again becoming parallel with the 
X axis. 

Such curves are of advantage in a number of ways. 
They can very quickly be put on the blackboard, since 
ordinarily only a qualitative effect is being described. 
They help the student to overcome the common error 
of thinking that the amounts of substances present at 
equilibrium are the same as those shown by a balanced 
equation. They show that the reéstablishment of 
equilibrium is not instantaneous, and they show in a 
graphical way how the application of a stress is followed 
by the partial removal of the stress, as predicted by Le 
Chatelier’s principle. 

Figure 2 shows how a change in temperature in- 
fluences an equilibrium, where for the above reaction 
the temperature is decreased at time 7}, and equi- 
librium is reéstablished at 7; at the lower temperature. 
Figure 3 illustrates an ionic equilibrium, where the salt 
of a strong base and a weak acid is introauced at time 
T, and equilibrium is reéstablished at time 7». 
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Science in Liberal Education 


BROTHER I. LEO 


St. Mary’s College, Winona, Minnesota 


INTRODUCTION 


IBERAL education has become a topic of wide 
discussion today. Even popular journals have 
printed articles, such as those by Hutchins and Dewey, 
on the subject. Not long ago, the JOURNAL OF CHEMI- 
caL Epucation (12) published an editorial on the 
controversy between science and liberal education, 
and at the 1944 fall meeting of the American Chemical 
Society, a paper on this subject was read before the 
Division of Chemical Education. It is apparent that 
the problems of liberal education are of interest to chem- 
ists. 

The purpose of this paper is to inform more sci- 
entists about the issues as presented by the champions 
of liberal education and to show that both liberal and 
science education can and should be jointly promoted. 

As one reads about liberdl education, one soon real- 
izes that much of the material is repetition and that 
the discussions on it will continue as long as the human 
race exists. For there will always be youth to be 
educated; and there will always be influential elders 
who will differ in their concept of the ideal education 
that should be given to youth. Cardinal Newman, 
almost 100 -years ago, recognized the age-old problem 
when, in the presentation of his idea of a university, he 
began with the apology: 


In addressing myself, Gentlemen, to the consideration of a 
question which has excited so much interest, and elicited so much 
discussion at the present day, as that of University Education, 
I feel some explanation is due from me for supposing, after such 
high ability and wide experience have been brought to bear upon 
it, that any field remains for the additional labors either of a dis- 
putant or of an inquirer. If, nevertheless, I still venture to ask 
permission to continue the discussion, already so protracted, it 
is because the subject of Liberal Education, and of the principles 
on which it must be conducted, has ever had a hold upon my own 
mind; and because I have lived the greater part of my life in a 
place which has all that time been occupied in a series of con- 
troversies both domestic and with strangers, and of measures 
experimental or definitive, bearing upon it (Newman, p. 1). 


The controversy between the exponents of science 
and the champions of the liberal arts did not become 
significant until the 19th century. In the Middle Ages, 
science, represented by astronomy, was a corporate 
part of the quadrivium. The new sciences began to 
exert an influence toward the end of the Renaissance 
Period through the pioneer work of Francis Bacon, 
Galileo, and Newton. The lusty infant, adopted prob- 
ably because educators could not refuse to do so with- 
out incurring shame, became a troublesome adolescent 
during the past century. The beginning of the 19th 
century was the age of puberty when the individual 
physical sciences took on distinguishing characteristics 


and became differentiated by name and by their labo- 
ratory methods. The adolescent became, character- 
istically, argumentative in the course of a short time. 
During the mid-19th century, Herbert Spencer’s essay 
on “‘What knowledge is of most worth?” appeared. 
McGucken comments drfyly on this essay: “The ques- 
tion was proposed in no spirit of humble inquiry. To 
him the answer was simplicity itself. Science, he was 
sure, was the educational panacea” (p. 37). Conklin, 
commenting on a later period, says: ‘“The warfare went 
on between the scientist and the classicist during the 
latter half of the 19th century and, occasionally, echoes 
of it are heard even to this day” (p. 490). The latter 
part of Conklin’s quotation is an obvious understate- 
ment in view of the present limitless discussions, which 
are certainly more than echoes. To make ample room, 
as it were, for the uncontrolled adolescent in the cur- 
riculum, to prevent his impetuous rampage from ruining 
the more dignified, less aggressive, and older com- 
petitors in the subject-matter field, President Eliot of 
Harvard introduced the elective system. Then the 
unabashed youth really made a way for itself. Today, 
science, with its laboratory methods, is so generally 
recognized as essential that it has been incorporated 
into the routine curricula of practically all liberal arts 
colleges. 

At times, however, the champions of liberal educa- 
tion seem to have misgivings about the place of science 
in the curriculum. Consideration of the function and 
content of such education and of the criteria that are 
applied to subject matter by its exponents is essential 
for an appreciation of the basic controversial issues that 
generate these doubts. 


FUNCTION AND CONTENT OF LIBERAL EDUCATION 


The function of liberal educatiog is to acquaint the 
individual with those faculties and capacities that make 
man a man and to increase the degree of their develop- 
ment in him. The distinguishing features of homo 
saptens are intellect and will. Usually, however, the 
writers refer to development of mind, which com- 
prehends the imagination, simple perception, reason- 
ing, judgment, and will. 

Does the function of liberal education, so stated, in- 
clude other outcomes that may reasonably be ex- 
pected, such as preparation for earning a living, for 
making a home, for active citizenship in a democracy? 
Yes, it does include all these social objectives, but for 
the most part, only in a potential manner. The ex- 
ponents of liberal education maintain that, even though 
the emphasis is on the development of the individual, 
nevertheless he will simultaneously, although indirectly, 
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receive that training and develop those traits that are 
necessary for success as a social being. In some cases, 
as training in such useful arts as are involved in the 
professions and other vocations, the specific skills are 
deliberately omitted because, so the champions of 
liberal education maintain, these skills can be mastered 
more efficiently and with better equipment in the 
professional schools and in commercial and industrial 
houses. 

The objectives of liberal education are attained pre- 
sumably through subject-matter content. In medieval 
times, the. liberal arts included the trivium, con- 
sisting of grammar, rhetoric, and logic; and the quad- 
rivium, consisting of arithmeti¢, music, geometry, and 
astronomy. There was no differentiation then be- 
tween the arts and the sciences as there is today; both 
were included in the expression, the liberal arts. A 
typical grouping of the fields of learning today is that 
offered by Greene, namely: mathematics, natural sci- 
ence, social studies, history and philosophy, and the 
humanities which include languages, arts and litera- 
tures, and morality and religion. These groupings 
are vital in discussions today because many liberal arts 
colleges, seemingly to recover their identity, are re- 
placing ‘‘majors’’ which are too specialized by ‘“‘fields 
of concentration”? based more or less upon the above 
groupings. 

The question naturally arises: How much of this 
subject matter is necessary for a liberal education? 
Time is a determining factor. But time measurements 
are not uniform. The four-year college is almost a mis- 
nomer today. Even the eight-semester or twelve- 
quarter college is now meaningless because there is no 
uniformity in the number of weeks, much less the num- 
ber of days, that constitute these time units. There 
are some who would have all the time in college de- 
voted to the liberal arts only. Van Doren maintains 
that ‘‘.. . if liberal education is, it is the same for every- 
body; ... that it should be homogeneous through the 
four years” (p. 110). He rejects the idea of electives: 
“|. . and a genuine curriculum,” he adds later, ‘‘will 
permit no student to miss any important thing any- 
where; the whole of it will be prescribed, and pre- 
scribed for everybody”’ (p. 117). 


CRITERIA OF CONTENT 


When the situation arises wherein one must de- 
termine whether a specific subject, such as cosmology or 
cosmetology, is liberal, what criteria are there to aid one 
in deciding? A subject to be liberal must develop the 
mind, have disciplinary values, possess values of ap- 
preciation, and must consider the ever-present prob- 
lems of man. Another criterion that is applied is 
whether or not the specific subject has already been 
accepted as liberal. 

It can be shown readily and easily that education in 
science develops the mind. Although the matter of sci- 
ence is the data of the physical world, the facts sub- 
jected to observation are abstracted by the mind and 
are not merely perceived. The imagination is stimu- 
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lated, for example, to picture a tetrahedral carbon atom. 
The reasoning powers are challenged toextend thesimple 
picture of an atom into the structural representation of 
complex molecules. Although no one has seen the 
simplest atom or the most complicated molecule, yet 
men’s minds have postulated configurations from which 
they have predicted properties. Thus, a structural 
formula of quinine was tentatively proposed in 1908; 
yet the compound was not synthesized until 1944. The 
work of Woodward and Doering (19), the men who 
synthesized it, was planned and guided by the hypo- 
thetical structure. Such astounding conformity be- 
tween hypothesis and prediction leads to more generali- 
zations. Of the mental faculties, imagination, reason, 
and judgment are particularly developed through 
education in science. The will functions in its resolve 
to pursue further an idea, whether it be the searching 
curiosity of an adolescent to see what “‘makes it go”’ or 
the trying hours of labor that culminate in the ex- 
tension of the frontiers of knowledge by the research 
worker. 

Does education in science have disciplinary values? 
This requirement is satisfied by the most basic objec- 
tive of science teaching, whether at the elementary or 
college level; and that is training in the scientific 
method of learning, the observation-hypothesis-veri- 
fication-generalization-prediction procedure. Writers 
unanimously stress the fact that this method of science 
is far more significant than the facts of science. Other 
disciplinary traits that are acknowledged outcomes of 
science education are the use and understanding of 
symbolism, the self-sacrificing spirit of search for truth, 
and the habit of critical and suspended judgment. 

Does education in science have appreciation values? 
Although the concept of values is the one bone of con- 
tention around which most of the criticism and de- 
nunciation of science rages, yet the informed and edu- 
cated person could see, if he would, that science educa- 
tion does lead to appreciations. Is there any routine 
school subject in which the immature person becomes 
more concerned about intellectual honesty than sci- 
ence? Youth are urged to record observations as seen 
and not as they should be; they are told that no greater 
harm is done to the pursuit of truth than the per- 
petuation of false observations and data. That errors 
may occur in even the technical literature is illustrated 
by such discoveries as that by Frolich (16) who found 
the melting point of butadiene in one reference to be in 
error by more than 100°. In what courses, other than 
science, are there superior opportunities for the de- 
velopment and appreciation of such character traits as 
calmness, patience, objectivity, and tolerance? So, if 
by values the writers mean those concepts that develop 
a philosophy of life that becomes man, education in 
science has that possibility. Admittedly, such educa- 
tion can lead to materialism and other illiberal out- 
comes, but the possibility of arriving at a sound phi- 
losophy of life is inherent in science education. The 
other interpretation of values is an appreciation of those 
things that become a man—for example, art, literature, 
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the other humanities. Scientists are not incapable of 
enjoying beauty in art or in nature or in literature; in 
fact, not a few of them have avocations in the fine arts. 
Though science education may not promote such ap- 
preciations directly, nevertheless the interests of many 
scientists, in nature especially, suggest that there are 
outcomes in their training that develop not only a 
philosophy of life but also an appreciation of aesthetic 
values. 

Another liberal-art criterion for subject matter is 
whether or not it pertains to the ever-present problems 
of man. Science education is related to peace and war, 
to world economy as demonstrated by the current strug- 
gle for strategic and essential materials, to social prob- 
lems as illustrated by the condemnation these days of 
technology and technocracy, to moral problems as in- 
stanced by the issues of materialism and hedonism as 
opposed to the supernatural and the spirit of sacrifice. 
‘The physical sciences in the last 50 years,” according 
to Holmes, ‘‘have exerted a greater influence on the 
intellectual, economic, and social life of the world than 
any other agency in comparable times” (p. 68). Flex- 
ner says that ‘‘while pure science is revolutionizing 
human thought, applied science is destined to revolu- 
tionize human life. We are at the beginning, not at 
the end, of an epoch’”’ (p. 19). Cole also realizes the 
contribution of science for he writes: ‘‘Among the 
forces shaping modern civilization, none has been more 
far reaching than experimental science” (p. 73). If 
science is having such momentous effects on civiliza- 
tion and if it is only in its infancy, surely it behooves 
educators to recognize its relations to the ever-present 
problems of man. 

Does science meet the requirement that, to be liberal, 
subject matter should be already recognized as such? 
In medieval times, it was included in the quadrivium. 
During the 19th century the newer sciences, chem- 
istry and physics particularly, were added, as such, to 
the liberal arts curriculum. Practically all the writers 
admit the necessity of science for a liberal education. 
“Science is essential to education at the same moment 
that poetry and philosophy are,’’ according to Van 
Doren (p. 137). Hutchins, in his book, ‘‘Education for 
Freedom,’ maintains that “the rise of science is the 
most important fact of modern life. No student should 
be permitted to complete his education without under- 
standing it” (p. 34). Greene writes that “they, the 
natural sciences, merit inclusion in a liberal curriculum, 
because they offer such excellent discipline in careful 
observation and objective interpretation—a discipline 
essential to the search for truth in any field of inquiry” 
(p. 47). 


REASONS FOR THE CONTROVERSY 


If the content of science is admitttedly liberal, then 
why the continual controversy about it? The con- 
troversy is due to those inherent features that tend to 
make it illiberal. Its most widely denounced limitation 
is that it does not lead directly enough to an apprecia- 
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tion of human values. All the citations below confirm 
this statement. 


Quite apart from a changing curriculum that pandered more 
and more to the whims of youth, the purpose for which the sci- 
entific method was enlisted contributed to the breakdown of 
human values. Were not students completely to dissociate social 
meaning or purpose from the critical inquiries they were making? 
It was claimed that the personal equation would interfere with 
soundness of methodological procedure (Cole, p. 20). 


Science does not tell us where to go. Men may employ it 
for good or evil purposes; but it is the men that have the pur- 
poses and they do not learn them from their scientific studies 
(Hutchins, ‘‘Education for Freedom,”’ p. 34). 


Philosophy’s most practical concern is with the ends of action, 
and here it is autonomous, for science cannot legislate among 
desires. The obligation to be scientific is something that ethics, 
not science, announces. No perfection of the scientific method 
could produce the proposition that justice is good, or that wis- 
dom is better than knowledge (Van Doren, p. 140). 


The natural sciences have in common an interest in the world 
of ‘‘fact” as contrasted with the realm of ‘‘values.”’ The 
pure sciences are descriptive and explanatory rather than evalua- 
tive; their interpretations are concerned with the structure and 
behavior of natural phenomena rather than with their significance 
for man (Greene, p. 49). 


It must be conceded that there is hardly a writer on 
liberal education who does not somewhere denounce 
the illiberal character of education in science even 
though all agree at the same time that the subject is 
essential for a liberal education. 

As a consequence of the predominance of the illiberal 
traits of science education in some institutions, many 
isms have arisen which are violently attacked by all 
leaders of liberal education. Some of these are ma- 
terialism, mechanism, determinism, scientism, and in- 
dustrialism. The citations below are typical de- 
nunciations: 


I propose to consider the college in relation to the conception 
of life now dominant in our society, which I take to be material- 
istic and humanitarian, and in relation to our prevailing phi- 
losophy of education, for which John Dewey and Teachers Col- 
lege are largely responsible. In consequence of these forces, 
as I conceive, the liberal college is threatened with extinction 
(Foerster, p. v). 


A nation lives by the spirit. The undue cultivation of the posi- 
tive sciences produces a sclerosis of the human soul. It is pro- 
ductive of a materialistic outlook. The practice of constantly 
dealing with the measurable aspect of reality develops the mental 
habit of approaching life and its problems as if made up entirely 
of elements calculable in terms of quantity (Leen, p. 241). 


The Apostles of Science have cried from the housetops that 
science is the only means whereby we can educate America for a 
changing civilization, and, lo, the changed civilization is almost 
at our doors and finds us still lamentably unprepared. Science 
has brought the Machine into the world, and the Machine has 
turned out to be the monster of Frankenstein (McGucken, p. 
38). 

Science is also blamed for the trends away from 
Christianity. The existence of the supernatural and 
revelation are denied by some of the spokesmen for 
science. Thus Conklin writes: ‘To the man of sci- 
ence, nature does not represent the mere caprice of 
supernatural powers, to be altered by magic, sacrifice or 
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supplication” (p. 495). Not quite so direct an attack 
as Conklin’s words is the conclusion in Dewey’s article 
in Fortune last year: 


Educational philosophy now has the opportunity to break 
down the philosophy of fixation that bolsters external authority 
in opposition to free cooperation. It must contest the notion that 
morals are something wholly separate from and above science and 
the scientific method. It must help banish the conception that 
the daily work and vocation of man are negligible in comparison 
with ..terary pursuits, and that human destiny here and now is 
of slight importance in comparison with some supernatural 
destiny. It must accept wholeheartedly the scientific way, not 
merely of technology, but of life in order to achieve the promise 
of modern democratic ideals. 


Brody’s biological approach to morality and religion, 
and his suggestion that social technologists could re- 
lieve our problems through the development of a re- 
ligious ritual based on all historic religions and sci- 
entific knowledge, implies that Christianity has ex- 
hausted its contribution to civilization. When either 
scientists or pseudoscientists advocate that the sci- 
entific method be applied to the field of morals and 
religion, it is questionable if society will benefit by 
such a procedure. ‘‘Renan,’’ according to Van Doren 
“could believe at 25 that the poetry, morality, and 
myth which science had so far destroyed would be re- 
built by it into a ‘reality a thousand times superior.’ 
Science, unaided, has no such powers; and it has had 
little aid”’ (p. 137). 

Other undesirable results that are attributed to the 
illiberal character of education in science are utilitarian- 
ism, specialization, and pseudoscience. Newman long 
ago pointed out the trend of science toward the utilitar- 
ian: 

And in like manner the Baconian Philosophy, by using its 
physical sciences in the service of man, does thereby transfer 


them from the order of Liberal Pursuits to, I do not say the in- 
ferior, but the distinct class of the Useful (p. 109). 


The effect of specialization, as Adelman (p. 46) ex- 
plains, is the loss of a sense of proportion; one bit of 
research is blown up to impossible dimensions irres- 
pective of its significance to history, to culture, to 
people. Flexner condemns specialization at length: 


Now science, while widening our vision, increasing our satis- 
factions, and solving our problems, brings with it dangers pe- 
culiarly its own. We can become so infatuated with progress 
in knowledge and control—both of which I have unstintedly em- 
phasized—that we lose our perspective, lose our historic sense, 
lose a philosophic outlook, lose sight of relative cultural values. 
Something like this has happened to many. . .of our forward- 
looking and highly specialized young votaries of science. They 
are culturally too often thin and metallic; their training appears 
technological rather than broadly and deeply scientific (pp. 
20-21). 


Cole leaves no room for doubt about his view on 
specialization when he writes: 


‘ Applied science that has vocational interests principally in 
mind and specialized science and research that keep the purpose 
of graduate schools to the fore will have little or no place in lib- 
eral arts education (p. 92). 


Pseudoscience as typified by some work in educa- 
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tion, by the titles of articles and textbooks, is de- 
nounced more vigorously by the scientists themselves 
than by the exponents of liberal education. 

Another concomitant of science education which is 
roundly condemned is the dogmatism that results. 
Thus, Van Doren writes: 


The clearest proof of the scientist’s intellectual immaturity 
has been his dogmatism. He probably despises the medieval 
schoolmen as his 17th century ancestors did, but there is no good 
answer to Whitehead’s remark that ‘‘the sort of person who was 
a scholastic doctor in a medieval university today is a scientific 
professor in a modern university.”” He accuses everybody of 
dogmatism except himself, yet he is capable of that sin to an 
asphyxiating degree. When this is true, the reason is that he 
does not know where his ideas come from, and whether they are 
good ideas. Ideas do not come from experiment. Their origin 
is the mind’s experience, and the mind has many mansions (pp. 
138-9). 


Sufficient explanation has been given for the con- 
troversy through the years between the champions 
of liberal and science education respectively. In brief 
summary, the causes of contention seem to be, among 
others: the rise of isms that jeopardize Christianity, 
such as materialism and scientism; the appearance of 
educational policies that are detrimental to culture, 
such as vocationalism, specialization, and pseudo- 
science; lastly, the dogmatism of some leaders in the 
scientific field. All of these are attributed to the il- 
liberal character of some education in science, par- 
ticularly to its failure to develop appreciation values. 
The question now arises, how does one account for the 
intensification of the controversy today? 

The immediate answer lies in the War. Van Doren, 
in the introduction to his book, says: ‘The immediate 
occasion for this book is the War, which in the United 
States has almost completely suspended liberal educa- 
tion.” Baxter comments: ‘‘Our struggle with the 
Axis powers suddenly confronted our liberal arts col- 
leges with a threat far greater than any since the Civil 
War. The danger was twofold: to the colleges them- 
selves, and to the ideals and principles of liberal educa- 
tion” (p. 269). The leaders of our liberal colleges are 
rightly concerned about the war training programs on 
their campuses. At present, about the only men who 
can get a traditional liberal education are those physi- 
cally unfit for military service. Due to their small 
number, few colleges are able to offer even them such an 
education. Moreover, the military training programs 
are extinguishing the desire for a liberal education in 
the hearts of male youth. One university which has no 
school of engineering found that more than 80 per cent 
of its 377 trainees who plan to return to college after 
discharge aim to take engineering (31). The G. I. 
Bill and the possible interruption of education at the 
end of the 12th grade for a year of national service are 
likely to increase the problems of the liberal colleges. 
Not many have faith in the words of Adelman who 
says that ‘‘young people will return to you surfeited, 
sick unto death of technological and scientific detail.” 

There are issues other than the War which are ex- 
citing the champions of the liberal arts to renewed 
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editorial and journalistic activity. One is the trend 
away from democracy. There undoubtedly is strong 
conviction in the minds and intense feeling in the hearts 
of the many writers who claim that the only hope for 
the survival of our democracy is the continuance of 
liberal education. The blame for undesirable social 
and political trends is not one from which scientists 
can totally absolve themselves. Their own leaders 
such as Conant, Curme, and Murphy, claim that it is 
time that scientists contribute their talents to the solu- 
tion of problems outside of their laboratories. More- 
over, the scientists should at least be aware that war 
breeds alarmists, that some men—among them, Mi- 
chael Williams—and no one says they are wrong, assert 
that even at the present moment diabolical inventions 
are being developed in laboratories and workshops 
which are so destructive to life and property that even 
small groups, who have access to them, can frustrate 
the best plans of the best government. 

Educational trends that are insidiously challenging 
the liberal arts program are survey courses, general 
education, and the awarding of the B.A. degree at the 
end of the 14th grade. All of these developments con- 
tain liberal features but hardly qualify as liberal educa- 
tion because, if common opinion is correct, they place 
emphasis on the informational to the neglect of the 
formational purpose of liberal education. 

Another innovation that is creating problems for the 
liberal arts program is the publication of lists of ac- 
creditation or approval by professional societies, such 
as the American Chemical Society and the American 
Medical Association. In the attempt to elevate stand- 
ards and to lessen the competition for employment, 
these professional organizations demand funds, space, 
equipment, and faculties that necessarily jeopardize 
the liberal offerings of those colleges which strive for 
such recognition. Van Doren, however, seems op- 
timistic. He says that “it may be that the reform of 
the college will come from the professions after all: 
from their discovery that what they need most is good 
minds to work wit and that the first thing a doctor, 
lawyer, priest, or engineer has to be is a person’’ (p. 
168). 

Of the many reasons offered to explain the intensifica- 
tion of the controversial issues involved in the promo- 
tion of liberal education, four are ascribed in part at 
least to science: the War, changes in the philosophy of 
life and of education, trends away from democracy, 
and professional accreditation. Because it is the 
source, in the minds of some people, of most of the 
problems, science is the scapegoat for all the evils that 
have befallen the liberal arts colleges. Open-minded 
people are aware that science education is as essential 
as liberal education. Instead of berating it, they will 
rather concentrate on the means for the joint and si- 
multaneous promotion of both types of education, if 
they must be considered separately. 


JOINT PROMOTION OF LIBERAL AND SCIENCE EDUCATION 
The current controversy between the exponents of 
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science education and liberal education will not be 
relieved unless the partisans see each other’s problems, 
analyze the criticisms reciprocally given, and mutually 
benefit by the interests which they have in common. 
The criticisms of science education have already been 
presented at length. A description of common policies 
and interests and means of promoting them is the task 
that remains. ; 

One initial precaution is to recognize the fact that 
there are zealots in both camps. As is true of most 
enthusiasts, their ideas have value but their applica- 
tion requires good judgment. Gideonse wants sci- 
ence to predominate. He writes: 


In place of the metaphysical orientation of the classical 
academy, the theological orientation of the medieval university, 
and the literary orientation of the Renaissance university, mod- 
ern higher education must put its main emphasis on the method 
of science (p. 27). 


However, he wants science to be tempered, he wants 
its champions to be aware of possible shortcomings, 
for he says: 


Science must resist its own tendencies to dogmatism and its 
occasional disdain for humanistic interests. It must not neglect 
its own rich historical past; it must acknowledge responsibility 
for exhibiting its own unity and for developing an organized cur- 
riculum on the basis of that unity; it must help make explicit 
its methods; it must be interested in the humanistic implica- 
tions of the scientific habit; it must, in short, be willing to round 
itself out logically and philosophically (p. 27). 


There are champions of liberal education who will 
admit almost anything is liberal but science. Then 
there are those who recognize science, but in a minor 
role. Thus Foerster writes: 


Plainly, the curriculum must be dominantly composed of the 
humanities, just because ours is an age of science.... A college 
remaking its curriculum must candidly face the fact that any 
attempt to cultivate the humanities will inevitably mean a les- 
sening of attention to the sciences.... Nor do I think we need 
regret this, since human values not scientific values—yes, even in 
an age called scientific—are always the dominant concern of 
men (p. 81). 


Lastly, there are those who actually recognize the 


contribution of science to liberal education. For ex- 


ample, Van Doren says: 


‘ 
r 


The physical sciences are a problem for the educator because 
they do their work so well. They must be caught up with, if 
only to be subdued. But the way to catch up with them is not 
to sermonize against their inhumanity. The liberal arts sur- 
vive more intact in their laboratories than elsewhere in educa- 
tion today; other studies, studying them, could learn about them- 
selves (p. 136). 


Another policy recommended for the contestants in 
this educational controversy is to consult the recognized 
literature of the opposing groups. Really, it is un- 
scientific and presumptuous to expect to appreciate the 
other side of the controversy, much less to argue against 
it, by depending on intuition and experience only. 
Familiarity with the other’s viewpoint will decrease the 
differences, reveal a common ground of understanding, 
and very likely uncover some inevitable and unsolv- 
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able problems. If the last are admitted and the pre- 
ceding ones stressed, then society is sure to benefit. 
Already leaders in both groups admit that science educa- 
tion is essential to a liberal education and many champ- 
ions of science certainly want their students to have a 
liberal education. The issue is not “either or’’; it is 
rather some of both with emphasis on the method of 
instruction and concentration in one field of learning. 

In their own technical journals, scientists are being 
urged by their leaders to contribute to the solution of 
social, economic, and political problems. If the ad- 
vocates of such a policy are sincere they will see in time 
that the urging will achieve observable results when the 
busy members of the professions will have had an op- 
portunity to develop an interest in such things by 
taking formal courses in them during their student days. 
Otto Eisenschiml has been crusading for some time for 
chemists to take an interest in their own economic 
problems. Even though the problems are personal 
and financial, his efforts meet only discouraging in- 
difference. Would the response be as poor if his listeners 
had previously had some contact with sociology and 
economics? 

Teachers of science are the ones who can do most to 
lessen the intensity of the controversy. Science can be 
taught in such a way that many of the benefits of a 
liberal education are obtained. Teachers should stress 
principles rather than facts; content rather than method ; 
observation and reasoning rather than techniques. 
In the volume, ‘Design for General Education,” 
sponsored by the American Council on Education, this 
comment on science courses is found: ‘The content 
of both of these courses (biology and physical science) 
must be ruthlessly cut from the encyclopedic volume of 
the typical college courses in order to provide time for 
analysis and interpretation” (p. 108). The history of 
science should not be ignored. ‘I am convinced,’’ says 
Holmes, ‘‘that science should be taught from the his- 
torical point of view in order to broaden the viewpoint of 
the technical man and the average citizen” (p. 71). 
Biographical information would be liberalizing. Would 
not the story of Pasteur, of Madame Curie, of Nikola 
Tesla, stimulate many youths to pursue knowledge in 
spite of economic handicaps? The _historical-bio- 
graphical approach makes possible the development of 
international interests and brings home the realiza- 
tion that geniuses, that brains, are not a monopoly of 
one race, creed, or nation. To ignore history and 
biography is to save time for more theory and current 
developments; but it is also, as Greene (p. 73) says, 
committing oneself to narrow provincialism of time and 
ignoring one’s humanistic heritage. It would not be 
out of place if teachers of science would show youth 
some of the economic, political, and social problems 
involved in the disposal of war plants, the competition 
between the petroleum industry and agriculture for the 
manufacture of synthetic rubber, and the nature and 
significance of international cartels, All such materials 
would be liberalizing. Most instructors do justice to 
the scientific method and the significance and uses of 











symbolism, two of the disciplinary values of science. (23 
That thinking men are of one mind in seeking a com- | 
mon ground for free and intelligent discussion is evident " 
today. ‘War is hell” —granted; but “it is an ill wind (25) 
that profits nobody.” The fifth meeting of the Con- (26) 
ference of Science, Philosophy, and Religion has al- i 
ready been held (11). Leaders with such intensely (27) 
different viewpoints: have probably never assembled (28) 
for a common purpose prior to this conference. Yet, a 





they have agreed to submerge their fundamental dif- 
ferences and to cooperate on problems that they can 
solve together. This policy is the essential one that is 
advocated by this article. The inclusion of a fair 
sampling of fields of learning essential for culture and 
the stressing of the liberal values inherent in science— 
that would be the ‘‘oul’ dash” to science education that 
inspiration is to athletic teams. 





































New 
There’s a lot to be said for a bit of scientific play, right cher 
enough. But still an’ all, the oul’ dash, as Malachy here says, reco: 
goes a long way, a hell of a long way. There’s no science can | 
stand up by itself to the headlong rush without some strength coal 
behind it. But, by cripes, if yeh can get the dash an’ the science time 
together, then yeh’ll have the right team (Purcell, ‘“Hanrahan’s ‘4 
Daughter’). It 
radic: 
prosp 
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Here and There in 


HE February number of Ethyl News (Ethyl Cor- 

poration, 405 Lexington Ave., New York 17, 
New York) makes good reading, for others as well as 
chemists. For the latter, ‘‘Coal turns on the heat’’ is 
recommended, an article describing the way in which 
coal has strengthened its position as a fuel during the 
time when oil is in such great demand for other things. 


“In many ways the coal industry of the postwar era will differ 
radically from the industry of the past. Spurred by the relative 
prosperity of the war years, it appears to have taken out a new 
lease on life. 

“All signs now indicate that it will be more progressive in its 
management, better organized, more aggressive in sales promo- 
tion, put greater emphasis on modern, automatic equipment, 
and lay more stress on good public relations—in short, that it 
may follow the pattern used so successfully by the fuel oil in- 
dustry in capturing a large share of the home-heating field.” 


Two other. articles make good general reading: 
“Mighty midgets,” in which the exploits of the Navy 
PT boats are described graphically; and ‘Synthetic 
realism,” devoted to some of the realistic training 
methods of the Army and Navy. 


The Humble Lubricator (Humble Oil and Refining 
Company, Houston, Texas) is one of our new additions 
and its excellently illustrated January number is fea- 
tured by a description of “‘the finest exhibit of oil indus- 
try operations ever assembled.” It certainly makes us 
regret not having seen the original. An insert tells 
something more about the use of the so-called “fluid” 
catalyst and the part it is playing in the production of 
100-octane gasoline. 


Esso Oilways (Penola, Inc., 26 Broadway, New 
York 4, New York) for January, as always, catches the 
eye—both eyes, in fact. The use of an Esso oil as a 
suspension fluid is the excuse for a very good account 
of the construction and operation of compasses, for 
airplanes as well as ships; while the use of controlled 
atmospheres during the surface-finishing of metals is 
the subject of another good discussion. 


The Natural Gasser (Warren Petroleum Corpora- 
tion, Tulsa, Oklahoma) is another recent addition to 
our list. Two articles of general chemical interest in 
the January number are: ‘Science in natural gas” 
and “Propane and ethane.” 
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the TInade Literature 


The vital part now played by the portable pipeline 
in the supply of our armies at the front is described 
in the January number of Shel] News (Shell Oil Com- 
pany, Inc., 50 West 50th St., New York 20, New York). 
The importance of this method of transporting oil and 
gasoline is well summed up in the prediction of Briga- 
dier General Sturdivant, that ‘“‘many thousands of 
miles of 4- and 6-inch pipelines will be laid before this 
war is ended.” 


The Beacon (Ohio Oil Company, Findlay, Ohio) is 
primarily a periodical for company employees, but 
nevertheless the February number carries a good 
general-interest account of “Our future oil supply.” 
Widely divergent opinions are quoted. The most 
pessimistic is that the 20,000,000,000 barrels known to 
be in the earth will last us about 13 years; but there 
are good reasons why this conclusion is erroneous. 
On the other hand, another authority estimates that 
at our present rate of consumption the probable ulti- 
mate reserves should meet our needs for 300 years. 


Commonweal, 


‘The reason for the differences of opinion concerning our future 
oil supply is a simple one. One estimate is based on known re- 
serves and the other on unknown reserves. Known oil reserves 
are only those which have already been discovered and which 
can be produced by present methods of recovery at present prices 
for the product. While our known reserves stand at 20,000,- 
000,000 barrels, actually our known oil in the ground is nearer 
100,000,000,000 barrels, much of which can be recovered by new 
methods. Since there never has been a need for oil that already 
available sources could not supply, there has been no incentive 
for a thorough and complete exploration of all the world’s pos- 
sibilities.” 

Out of the Texaco Star (The Texas Company, 135 
East 42nd St., New York 17, New York), Spring num- 
ber, 1945, we pick for special mention, ‘‘Where does 
all the petroleum go?” and ‘Supply line.” The 
latter tells the story of the Red Ball Express, the truck 
convoy system which supplied the front line fuel needs 
of the Army for some time after the Normandy inva- 


sion. 


In the February number of The Lamp (Standard Oil 
Company of New Jersey, 30 Rockefeller Plaza, New 
York 20, New York), ‘“‘Bandbox refinery” describes a 
particular oil refinery which shines with neatness and 

(Continued on page 200) 
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Out of the Editors Basket 


HE Committee on Inter-American Scientific Pub- 

lication is trying to ¢ollect a complete file of Tus 
Journat for the Institute of Chemistry at the Na- 
tional University of Mexico. They lack number 7 of 
volume 1, and all the volumes from vol. 10 to date, in- 
clusive. If any of our readers have any of these num- 
bers which they would be willing to donate in the gen- 
eral cause of inter-American cooperation, we would be 
glad to hear from them. 


@ It seems that when we published his letter in our 
January number we made a mistake in the connection 
and address of Dr. F. Fromm, who has been one of our 
frequent contributors. We hasten to correct this error; 
Dr. Fromm is at the College of the Sacred Heart, at 
Santurce, Puerto Rico, and his address is Avenida 
Quintana 28, Hato Rey, Puerto Rico. 


e@ High-speed photography is now an old story, with 
its many spectacular applications. Much newer is 
high-speed X-ray photography. The development of 
methods in this field is making possible the study of 
such things as the action of armor-piercing bullets 
in armor plate, the inner structure of golf and tennis 
balls at the moment of impact, the flow of dirt through 
a vacuum cleaner, and the study of rapid metallurgical 
changes which take place during welding operations. 


@ The Wyandotte Chemicals Corporation (Wyandotte, 
Michigan) has issued a flow sheet in color showing the 
methods of producing such products as dry ice, chlo- 
rine, caustic soda, calcium carbonate, calcium chloride, 
soda ash, and sodium carbonate. 


e A list of many of the uses to which sugar is put can be 
found in a bulletin put out by the Sugar Research 
Foundation (New York, New York). It may offer 
some suggestions for classroom discussions and projects. 


e@ Among the many educational bulletins issued by the 
General Electric Company (Schenectady 5, New York) 
are: ‘“‘General Electric Services for Teachers,’’ a cata- 
log of free material available; and ‘‘What’s New in the 
World of Science,’’ containing articles that enlarge on 
material originally in poster form. 


e@ Another good source of material and information 
which we are glad to recommend to high-school teach- 
ers is the ‘‘“Geography-Science Bulletin’”’ published by 
the Rhode Island College of Education, Providence, 
Rhode Island. 


@ Some months ago President Roosevelt put four 
questions before the Office of Scientific Research and 
Development: 


1. What can be done, consistent with military security, and 
with the prior approval of the military authorities, to make 
known to the world as soon as possible the contributions which 
have been made during our war effort to scientific knowledge? 


2. With particular reference to the war of science against 
disease, what can be done now to organize a program for con- 
tinuing in the future the work which has been done in medicine 
and related sciences? 

3. What can the Government do now and in the future to aid 
research activities by public and private organizations? 

4: Can an effective program be proposed for discovering and 
developing scientific talent in American youth so that the con- 
tinuing future of scientific research in this country may be as- 
sured on a level comparable to what has been done during the 
War? - 

Recently Dr. Vannevar Bush, director of OSRD, 
announced the formation of four excellent committees 
for the respective study of these questions. The men 
chosen are such as to command the respect and con- 
fidence of everyone, and it is certainly encouraging to 
know that these vital questions will be attacked vigor- 
ously for answers and solutions. 


e As the supply of penicillin improves, it may be pos- 
sible to ease controls on the civilian distribution of the 
drug, representatives of the Chemicals Bureau of the 
War Production Board announced recently. 

Military requirements for penicillin will tend to de- 
crease in a few months as stocks are built up, military 
representatives reported. 


e@ America’s armed forces will receive increased fire 
protection against enemy action through the stepped-up 
use of antimony in flame-proof shelters and flame-re- 
tarding paint on ships. 

Ground forces silhouetted against a blazing tent or 
hut fired by enemy action offer a much too effective 
target for hedge-hopping enemy planes, Army officials 


have said, in disclosing that all cotton duck for over- } 


seas use must be flameproofed. The bottleneck on 
flameproofing, partially occasioned by antimony oxide 
shortages has been a major factor in the shortages of 
canvas for shelter on the western front, they said. 
On the Navy side, the increased use of flame-retarding 
paint (containing antimony) on ships is expected to be 
an increasing factor in holding down casualties. 

WPB officials have reported that the demand for 
antimony doubled in each of the last four months and 
that current demand for all types of the metal exceeded 
current production by a wide margin. Available ore in 
South America and Mexico, the two principal sources 
of supply, are adequate; however, lack of shipping 
space and rail transportation difficulties are cutting 
into ore inventories. Furthermore, there is a lack of 
facilities for transforming the ore into the much needed 
antimony oxide used in flameproofing. 


@ The Silesian industrial area, whose eastern boun- 
dary lies roughly 150 miles south and slightly west of 
Warsaw, has been an important part of Nazi Germany's 
war economy, outranking the Saar and second only to 
the Rhine-Ruhr area. As Allied bombings have steadily 
decreased production in the Rhine-Ruhr and other 
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parts of Germany, the relative importance of the Sile- 
sian area has greatly increased. And now that this 
area is being rapidly captured by the Russian armies 
its loss will be a serious blow to Nazi Germany. 

In addition to its natural resources, this area is an 
important center for the manufacture of synthetic 
chemical products, synthetic oil production being the 
most important new industry there. The hydrogena- 
tion plants at Blechhammer are among the largest 
single synthetic oil developments in Europe. Simi- 
larly, the production of synthetic rubber in this region 
has been expanded, and a new and very important 
Buna-S plant erected at Oswieczim. 

In an attempt to protect their industrial plant facili- 
ties from Allied bombings, the Germans have in the 
past two years increased the capacity of the Silesian 
area by transferring whole plants physically from other 
parts of Germany, by expanding existing facilities, and 
by constructing new industrial units. The further 
east the Germans moved such facilities, however, the 
more vulnerable they became to the Soviet armies. 

By unifying German and Polish Silesia administra- 
tively as well as economically the Germans combined 
the raw materials and plant capacities of Polish Silesia 
with the Dabrowa and Krakow coal fields, a part of the 
Czestochowa-Wielun iron deposits, and the Karvinna 
coal fields. Peripheral areas that have not been formally 
added to the province, such as Moravska-Ostrava, are 
nevertheless closely integrated with it. 

Production in the Silesian area of the coal that the 
Nazi war industry must have is second only to that in 
the Ruhr, and Silesia’s coal reserves are estimated to be 
greater than those of the Ruhr. The Silesian coal 
fields are located in a basin about 125 miles long and 
46 miles wide; production is centered around Beuthen, 
Hindenberg, Gleiwitz, Dabrowa, and Katowice. In 
1943 the coal output in this area was more than 90,000,- 
000 tons, or 36 per cent of total German output. 

The coke industry in Silesia was expanded in recent 
years, and its quality improved to make it suitable for 
steel manufacture. In 1943 the region produced 11,- 
000,000 tons of coke, more than 15 per cent of German 
production. The chief.developments are in the neigh- 
borhood of Katowice, Rybnik, Beuthen, Gleiwitz, 
Karvinna, and Moravska-Ostrava. 

In the production of this coke Germany also ob- 
tained approximately 15 per cent of its total supply 
of the usual by-products of the coke industry—benzene, 
toluene, phenol, xylenol, etc. These by-products con- 
stitute the raw materials for part of Germany’s explo- 
sives, dye-products, and pharmaceuticals production. 

The Silesian iron deposits lie almost entirely be- 
tween Czestochova and Katowice, but the production 
of iron ore and pig iron is relatively minor compared 
with other parts of Germany. The steel industry with 
its output of 2,000,000 tons is also small compared 
with that of the Rhine-Ruhr district. Nazi Germany’s 
increasing shortages of such commodities, however} are 
steadily becoming so marked that she cannot afford to 
lose even limited quantities of them. The most im- 
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portant steel works are located at Bobrek, Donners- 
marck, Katowice, Chorzow, Swietochlowice, and Wit- 
kowitz. 

Silesian zinc was also of importance to the Nazis, 
since the area produced 40 per cent of the total output 
under Nazi control, and also possesses a relatively large 
smelter capacity for retort and electrolytic zinc. The 
area also accounted for about 13 per cent of the lead 
output under Nazi control, and its lead smelting and 
refining capacity about 8 per cent. 


@ Synthetic rubber is desperately needed for the fight- 
ing fronts. By 1943, Westinghouse, working in coop- 
eration with oil and chemical companies, had developed 
a Mass Spectrometer which enables a chemist to ana- 
lyze in 15 minutes the gases that go into synthetic 
rubber. This analysis used to take five to ten skilled 
chemists from 15 hours to three days. 


e An interesting booklet showing how luminescent 
segments may fit into the postwar picture of many in- 
dustries has just appeared from Rhode Island Labora- 
tories, Inc. (West Warwick, Rhode Island). 


e@ A Foundation for Industrial Research has been es- 
tablished at the University of Wichita as the result of 
$450,000 contributed by local business and industry. 
The program calls for expenditure of the original fund 
within the next 10 years, thus providing a substantial 
annual sum which will be used in the main to supple- 
ment the present research staff and to improve present 
laboratory facilities. 

Applied and pure research will be conducted in aero- 
nautics, engineering, agriculture, chemistry, physics, 
geology, petroleum, and marketing analysis and out- 
lets. Fellowships and scholarships will be established 
whereby outstanding students may engage in graduate 
study pertinent to the work of the Foundation. Re- 
search on problems submitted to the Foundation will be 
undertaken for industrial firms at their expense, with 
all results being turned over to the requesting concern. 


e@ In making synthetic rubber from butadiene or sty- 
rene, the most important extra ingredient is—water. 
For that reason, when Koppers United engineers de- 
signed for the Government a complete new synthetic 
rubber plant at Kobuta, a place where no town existed, 
some 35 miles down the Ohio from Pittsburgh, they 
consulted water-conditioning experts before incorpo- 
rating in their designs provisions for properly treating 
the raw waters of the Ohio for steam and for cooling 
purposes. 

In the production of one pound of butadiene from 
alcohol, approximately 20 pounds of steam are required 
for distillation purposes. As more than 1000 tons of 
coal per day are required to supply the heat to the chem- 
ical reactions, an enormous amount of energy must 
be removed to effect the desired condensation or cool- 
ing. 

Chief reason for locating the plant at the site chosen 
was availability of a dependable body of water—the 
good old Ohio. The problem of obtaining an adequate 
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cooling medium was one of providing the proper facili- 
ties for conveying the water from the river to the con- 
densers in such a way that no serious operating difficul- 
ties would be encountered. 

To produce one pound of butadiene it is necessary to 
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pump 1200 pounds of water from the river and to treat 
chemically 35 pounds of water for boiler use. With 
such a relationship between product and water the 
careful attention given water facilities was completely 
justified. . 


Nutritive Significance of Some Natural Colors in Foods 


ONE of the chief functions of naturally occurring colors in 
foods is esthetic in character, giving pleasure and satisfaction to 
the eye and encouraging the appetite in that way. Pleasing col- 
ors in foods often stimulate digestion, increasing their nutri- 
tive appeal. Our restaurants and eating places are well aware 
that warm colors in the surroundings are effective in sharpening 
the appetite. As an example, a midwestern cafeteria is said to 
have doubled its sales of salads by serving them on green plates 
instead of white plates, creating the illusion of larger and greener 
salads. However, other functions of color related to biologic phe- 
nomenon are beginning to be appreciated, particularly the rela- 
tion of certain naturally occurring pigments to specific nutritive 
factors and to clinical medicine. Several such naturally occur- 
ring pigments are of interest because of their activity in sexual 
reproduction, especially for certain lower forms of life. In the 
present discussion only natural colors that are related to foods or 
their metabolism will be discussed, with special note of their nu- 
tritional or medical significance. The artificial addition of dyes 
to foods is a comprehensive and controversial subject and will not 
be considered herein as a part of the discussion. 

In certain instances food may be colored naturally by the 
method of processing, as by smoking, toasting, curing, or pickling. 
Thus, the toasting of bread, roasting of coffee and peanuts, car- 
amelization of certain sugar products, and the reddish color of 
ham imparted by the action of nitrites on pork during cure, area 
few examples of many foods that are specially treated for con- 
sumer acceptance. In most methods of processing the acidity or 
alkalinity of the product and length of heat treatment are impor- 
tant in the production of color. 

The scope and variety of the carotenoids occurring in nature 
is only now beginning to be fully appreciated. Such chromatic 
compounds as the carotenoids (or carotinoids) form a large and 
important group widely distributed in foods, and are interesting 
because certain members, 7. e., the carotenes and kryptoxanthin, 
possess vitamin A activity. In fact, the vitamin A content of 
most foods exists as an activity of a provitamin rather than as that 
of the preformed vitamin. Like many naturally occurring pig- 
ments, the carotenes derive their scientific name from a substance, 
t. e., carrots, from which they were first isolated. In foods the 
color of carotenes is yellow as in butter, whereas in oranges it is 
deeper as an orange yellow. 

Certain carotenoid pigments contain oxygen and are known as 
xanthophylls. Because of their close structural relationship, the 
xanthophylls are occasionally confused with the carotenes. At 
least one member of the group, kryptoxanthin, has vitamin A ac- 
tivity, while most of the others are inactive in this respect. The 
yellow color of xanthophylls is evident in egg yolks, yellow corn, 
yellow flowers, and in the yellow plumage of canaries. Many 
green plant materials contain xanthophyll, the yellow color of 
which is usually masked by the intense green color of chlorophyll. 

Lycopene, a major pigment of tomatoes and watermelons, is 
also closely associated with the carotenes but apparently pos- 
sesses no vitamin A activity. Other carotenoids without vitamin 
A effect are astaxanthin, chiefly responsible for the change in 
lobsters from dark green to red on boiling, a related carotenoid in 
crabs and shrimps, and a carotenoid that forms a protein com- 
plex characteristic of the pink color of salmon flesh. 

Several naphthoquinones have received renewed attention 
following the discovery that some of them exhibit vitamin K or 
antihemorrhagic activity. The naphthoquinones are found in the 
leaves, wood, and roots of certain shrubs or trees, walnut shells, 
and pathogenic bacteria, such as the tubercle bacillus. They ex- 
hibit a variety of colors—yellow, red, brown, and violet. 


The flavones, a class of compounds separate and distinct from 
the flavins, possess a member, hesperitin or hesperidin, found in 
citrus fruits, that is related to the chemistry of vitamin P. This 
vitamin is so called because of its association with the permea- 
bility of the capillaries. Another flavone, quercetin, is one of the 
yellow pigments found in onion skins, corn, beans, and apples. 

The oxidation of a colorless aqueous solution of thiamine (vita- 
min B;) to thiochrome, which possesses a blue fluorescence, is con- 
veniently used nowadays, in estimation of the vitamin in various 
foodstuffs. 

Over 10 years ago a fluorescent yellow-green pigment was iden- 
tified and termed lactoflavin (vitamin Be or G) because of its oc- 
currence in milk. Riboflavin, the modern name for the vitamin, 
is now employed as a generic term for several flavin compounds 
having ribose as a constituent of the molecule. Several tmpor- 
tant respiratory enzymes contain riboflavin, one of the most 
famous being the ‘‘yellow respiratory enzyme’’ of Warburg and 
Christian. 

The pterins are yellow pigments widely distributed in nature. 
Xanthopterin, a well-known member of the group found in but- 
terfly wings, appears to be related to nutritional anemia. 

Many other naturally occurring pigments are without special 
nutritional significance. They are important because of their 
occurrence in various foodstuffs or because of their medicinal ap- 
plication. Chlorophyll, the pigment that gives growing vegeta- 
tion its verdure, is employed medicinally in combatting infection, 
and to increase the production of hemoglobin, e. g., in certain 
types of anemia characterized by deficiency of hemoglobin pre- 
cursors. Hemoglobin, the red coloring matter of the blood, has 
received much attention. Several degradation products of 
hemoglobin are important in metabolism. The porphyrins are 
such substances. Also through elimination of iron by the liver 
several bile pigments are derived from pigments of the blood. 
For example, bilirubin, a reddish yellow pigment, may be oxidized 
to biliverdin, which is green in color. Cytochromes are other 
naturally occurring pigments that are found in vigorously respir- 
ing tissues. Apparently they are universally distributed. 

During autumn several changes occur in foliage to produce our 
gorgeous autumn landscapes. The green hues of chlorophyll 
are replaced by yellow and red tints, caused, respectively, by caro- 
tenoid and anthocyanin pigments. The anthocyanins or antho- 
cyans are chiefly responsible for the red, violet, or blue pigmenta- 
tion of many fruits, plant tissues, and flowers. Several such fruits 
are cherries, cranberries, grapes, plums, strawberries, and tanger- 
ines. The anthocyanin, betanin, occurs as a red coloring matter 
of the beet; also red cabbage and red radishes owe their color 
mainly to this class of pigments. Little is known concerning the 
physiologic property of anthocyanins; their production seems 
associated with a high sugar content. 

Limes, lemons, and grapefruit are thought to owe their color 
to tannin complexes. Melanin, the predominating pigment 
in the skin of negroes and a racial characteristic, is thought to be 
proteinaceous in character. The blackening of the hearts of po- 
tatoes and of potato slices in air is caused by an enzymic reaction 
that forms melanin. ; 

One cannot fail to find how frequently nature uses a carotenoid, 
chlorophyll, or anthocyanin, and to observe that these substances 
are associated with certain known vitamins and medicine, or with 
metabolism. Does this association suggest the use of pigments 
such as nature uses for the nutritive improvement of foods? 


—Reprinted, with permission, from Nutritional Observatory, 6 
8 (1945). 
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ONSIDERABLE evidence has appeared recently 
to indicate that professors in charge of instruction 
in general chemistry in colleges are considering pro- 
found changes in the courses, or are, to say the least, 
not entirely satisfied with the conventional course in 
general chemistry. Standen! has described a course 
which represents a marked departure from convention. 
Keighton? discusses the relation of general chemistry 
to the liberal arts program in the college, and calls for 
a reorganization of topics. Wakeham? points out the 
folly of too enthusiastic assignment of supplementary 
reading, and suggests changes in textbooks. And the 
perennial problem of what to do with the students who 
have, and with those who have not received credit 
for high-school chemistry is still getting its share of at- 
tention from many quarters. 

The first year of instruction in chemistry at Adrian 
College has been organized for several years on the plan 
described below; this plan has proved very satisfactory, 
and it may therefore be of interest to other colleges. 
The plan approaches the problems mentioned above, 
as well as some others, in a manner which is, in part, 
original. 

During the first semester, fundamental topics in the 
descriptive chemistry of water and the atmosphere 
are studied, together with elementary theory of matter 
and the principles of chemical change. All students 
in the course, whether presenting credit for high-school 
chemistry or not, study identical topics. Sectioning 
of the class is based on inherent scholastic ability rather 
than on previous chemical training or occupational ob- 
jectives, and students are shifted from one section to 
another if and when advisable. Since the sections are 
small, individual attention can be paid to the students’ 
varying backgrounds and interests. In some cases this 
is the terminal course in chemistry, especially for the 
person who elects chemistry ‘‘for credit.” 

In the second semester, two distinct courses are of- 
fered; one is a terminal course for the nonspecialist in 
chemistry, the other is a preprofessional course for the 
chemist, engineer, medical student, etc. The term 
“cultural’’ is avoided in the description of the courses, 
since it is felt that any fundamental course should be of 
disciplinary and cultural value. Details of these three 
courses follow. 

The first course is built on the following topics, which 
are only briefly designated : 

Physical properties; gas laws; change of state 

Characteristics of chemical change 

Water; hydrogen and oxygen; solutions 


1 STANDEN, A., THIS JOURNAL, 21, 555 (1944). 
? KEIGHTON, W. B., THIS JOURNAL, 22, 45 (1945). 
3 WaKEHAM, G., THIS JOURNAL, 21, 546 (1944). 


The atmosphere; nitrogen; carbon dioxide; the rare gases 

Acids and bases, and their relation to water 

Particles of matter; the gas laws, the laws of chemical com- 
bination and their interpretation 

The concept of atomic and molecular weights 

Symbols, formulas, valence, and equations; chemical math- 
ematics 

Gay-Lussac’s Law, Avogadro’s Law, and the diatomic mole- 
cule 

Gram-molecular volume; more mathematics 

Classification of the elements; the Periodic System 

Radioactivity; atomic structure; the electron theory of 
valence 

Metals and nonmetals—a definitive study 

Chemical reactions in terms of ions 

Rate of reaction and equilibrium 


It will be noted that the arrangement of topics is 
different from that usually followed. The purpose of 
this arrangement is to use water and the atmosphere, 
two materials with which everyone is somewhat fa- 
miliar, as a basis for the provocation of thought and 
motivation of study. The student is informed, at the 
beginning, of the plan of the course, and he usually 
takes an interest in the development of the topics. 

Intense emphasis is placed on the scientific method, 
and, indeed, the arrangement of the topics is that of 
facts and laws followed by the need for explanation 
which leads totheory. Electrons, atoms, and molecules 
are never mentioned by the instructor until a fair back- 
ground of descriptive fact and a personal laboratory 
acquaintance with changes in substances are achieved 
by the student. 

A standard textbook is used, but the real outline for 
the student’s work is a series of comprehensive “study 
questions and problems” which is issued in multi- 
graphed form. The laboratory manual is a multi- 
graphed one, with experiments prepared to parallel 
the topics listed above, and with specific instructions to 
fit the laboratory setup at Adrian College. Individual 
variations of the experiments are encouraged and are 
closely supervised by the laboratory instructor. Lab- 
oratory “‘problems”’ are assigned periodically, and these 
serve to encourage initiative in developing a spirit of 
investigation. 

The nonprofessional course in the second semester 
might be designated as ‘‘civic chemistry.” The topics 
vary somewhat from year to year, but are currently as 
follows: 


The halogens 

Sulfur and sulfuric acid 

Nitrogen compounds 

Carbon and hydrocarbons; fuels, petroleum, rubber 
Foods, textiles, paper, detergents, medicines, etc. 
Metals and alloys; metallurgy 

Representative metals; important metallic compounds 
The ceramic industries 
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Water supplies and treatment 

Surface protection (paints, metal dips, rust-proofing, etc.) 

Plant nutrition; fertilizers; insecticides 

Chemical warfare 

Study questions and problems again provide the basis 
for the student’s work. The laboratory work includes, 
in addition to some of the conventional experiments, 
certain group projects such as the synthesis of nitric 
acid, fractionation of petroleum, preparation of a simple 
plastic, one or two fool-proof organic syntheses, analysis 
and treatment of hard water, reduction of simple ores, 
rust-proofing of iron, recovery of tin from cans, etc. 

Some recourse is had in this course to collateral read- 
ing, much of the material appearing in THIS JOURNAL. 
A running bibliography is issued to each student. Local 
field trips to chemical industries have been limited by 
wartime restrictions. Visual education is especially 
applicable in this course, a number of good films being 
available from industrial organizations. 

The preprofessional course in the second semester 
includes topics designed to build a firm foundation for 
later courses in analytical, organic, and physical chem- 
istry. College algebra is a prerequisite, and a math- 
ematical approach is maintained throughout the course. 
The student must have previous or concurrent work in 
physics. Those with a record of less than ‘‘B”’ in the 
first semester are discouraged from taking the course. 
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In this course also the student’s progress is guided by 
study questions and problems. Topics include the 
following: 


Selected nonmetals 

Ionic equilibrium; pH 

Equilibrium calculations (ionic and nonionic) 

Energy of chemical change; electrochemistry 

Inorganic preparations, and an abridged system of qualitative 
analysis 


No topics in organic chemistry are studied since 
practically all students electing this course will elect the 
regular course in organic chemistry within a year. 
Laboratory work closely parallels the listed topics, with 
a sprinkling of quantitative experiments which are 
usually not included in first-year chemistry. Some of 
these are reaction rate (decomposition of hydrogen 
peroxide), measurements of pH by indicators and the 
pH meter, a simple colorimetric analysis, and measure- 
ment of fuel values and electrode potentials. 

No discussion of teaching methods has been at- 
tempted, since it is felt that these are individual things; 
each teacher has his own methods for getting results. 
However, the course in general chemistry at Adrian 
College is first and foremost a laboratory course. Other 
modern techniques are used, but the work here begins in 
the laboratory. ' 


Note on the Gas Laws 


CHARLES A. STEVENSON 
Stokely Foods, Inc., Indianapolis, Indiana 


BY PURELY formal operations on the thermal equa- 
tion of state it is possible to present in a direct manner 
the connection of necessity existing between the laws of 


Boyle and Charles. 
This equation of state may be written as 


f(P, V, T) = 0 
which in differential form is: 
sr) v ~~ (sr)e/ (se) 
oT/V—s \oT /P/ \oP/ T 
The following relations are matters of definition: 
coefficient of expansion, 


-3@) 
v Vier 


coefficient of compression, 


coefficient of tension, 


- 102%) 
B= D\or)v 


Substituting the values of the partial derivatives 
given in the definitions in the differential equation of 
state, we have: 


Qa 
BA = P 

This equation shows that at a given pressure any one 
of the three coefficients a, 8, 8; may be calculated when 
the other two are known. As an illustration of this 
relation between these coefficients we may derive 
Boyle’s law directly from Charles’ law as follows. 
According to Charles’ law 


whence 


oP) 
oV/T 


p= -v( 


aP. av 
Pp + don 0 (constant 7) 


which is Boyle’s law. 





Phthalic Output Used in Many Ways 


SUSAN M. PHILLIPS 


Bureau of Foreign-and Domestic Commerce, Washington, D. C. 


TO THE average layman, phthalic anhydride is doubtless 
little more than another chemical compound. Probably few 
persons realize its part in the manufacture of the better grades of 
paints, dyes, and plastics which have become so important in 
their scheme of living. But still less do they appreciate the vital 
role which it has now been called upon to assume in the provision 
of all kinds of necessities for their sons and daughters in the 
armed services of the Nation. 

Actually, phthalic anhydride began its industrial career more 
than a quarter of a century ago. Proving its value in an increas- 
ing number of processes, it has been manufactured in correspond- 
ingly larger quantities. Asa result, the total annual output—less 
than 200 thousand pounds in 1917—has now risen to more than 
100 million pounds and given it a place among the more impor- 
tant of the domestically produced chemicals. 

At the present time, however, phthalic anhydride is little con- 
cerned with the needs of the public as a whole or with the pursuits 
of peace. Ninety-eight per cent of it goes into the war effort. 
Only 2 per cent is earmarked for civilian needs. 

Phthalic anhydride derivatives are marching with the troops in 
paints and other protective finishes, in the dyes of uniforms, 
tents and similar military needs, in molded plastic parts to re- 
place rubber and metal, and as a component part of many addi- 
tional strategic materials. And that is not all. On every tropical 
battle front, one of its derivatives, the insecticide known as di- 
methyl phthalate is helping protect thousands from the ravages of 
malaria by dealing death to one of man’s most formidable ene- 
mies, the anopheles mosquito. 

It was not so many years ago that phthalic anhydride was 
practically unknown outside of the laboratory. The discovery of 
the vapor phase method of production by Gibbs and Conover of 
the United States Department of Agriculture in 1916, however, 
changed things for phthalic anhydride. Making the manu- 
facturing process considerably more simple and consequently 
cheaper, the new method brought the product out of the labora- 
tory and gave it a start in the industrial world. 

The first commercial application of phthalic anhydride was in 
the manufacture of anthraquinone vat dyes. Recognized as su- 
perior to other dyes because of their fastness and purity of color, 
their use became more and more widespread, and increasing quan- 
tities of the chemical were necessary for their production. 

Meanwhile, further research resulted in the finding of new uses 
for phthalate esters, especially dibutyl phthalate, and brought 
about a corresponding rise in phthalic anhydride production 
equal in 1922 to seven times that of 1917. 

Because of their value in making plastics compounds more 
workable, phthalate esters have come to be more and more in 
demand and called for additional phthalic anhydride. And this 
process is still continuing. Indeed, some of the phthalates, de- 
veloped within the last couple of years under the pressure of war 
needs, have not as yet been adapted to civilian consumption. 

But the large-scale production of alkyd resins, begun in 1929, 
did more than any other one factor to bring about an increase in 
phthalate anhydride production. Automobile manufacturers 
were the first to recognize the value of alkyd finishes and to use 
them to any extent. Since then, however, this type of protective 
coating has gained popularity in many other fields. The reason 
is not difficult to understand. 

Made from phthalic anhydride in conjunction with glycerin and 
fatty acids, alkyd resins are slow in drying but combine a high 
gloss and depth of color with excellent lasting and adhesive prop- 
erties. They can be readily mixed with paint and lacquer ingre- 
dients as well as with phenolic and urea resins. Thetresult is a 
water-resistant finish which may be applied to almost any type of 
construction material. Alkyd resins are used also in the produc- 


tion of a fast-drying water paint which, because it is water resist- 
ant, may be used for either indoor or outdoor application. 

The effectiveness of dimethyl phthalate as an insect repellant 
and its use by United States armed forces in the South Pacific and 
other war theaters accounts for more recent increases in produc- 
tion of phthalate anhydride. It is estimated that almost 25 per 
cent of the current output of phthalate anhydride is utilized in the 
manufacture of the insecticide. 

Phthalic anhydride also figures in the production of other 
items of important industrial value. It enters indirectly into the 
manufacture of many products such as intermediates and dyes, 
food preservatives, medicinals, and smokeless powder, and has 
likewise proved its effectiveness as a rubber accelerator and an 
oil demulsifying agent. 

As new and ever more varied uses have been discovered for 
phthalic anhydride its production has grown by leaps and bounds. 
The first year after the introduction of the vapor phase method, 
1917, a total of 138,857 pounds of the chemical was manufac- 
tured. Estimates for the production of phthalic anhydride in 
1943 were 113,067,286 pounds. With 81,455,494 pounds re- 
ported as having been produced during the first 8 months of 1944, 
the total for the year may be expected to exceed the production 
of 1943 by a good margin. 

As in the case of many other chemical commodities the demand 
for phthalic anhydride has exceeded available supplies during the 
current period of wartime shortages. Even before the war, how- 
ever, production was not large enough to satisfy the demand. 

War-born requirements for new and improved products have 
not only tripled the demand for phthalic anhydride but have radi- 
cally changed its use pattern. The quantities granted for various 
end uses under the War Production Board’s system of allocations 
are limited by stringent controls affecting its distribution, al- 
though military requirements are carefully screened and less 
strategic materials substituted for phthalic anhydride wherever 
possible. 

What may be the exact postwar demand for phthalic anhydride 
is still in the realm of speculation. In making estimates, how- 
ever, several factors are being taken into account. 

First of all, it is generally expected that inasmuch as the war 
effort has drawn more heavily on supplies of phthalic anhydride 
than on many other materials, there is likely to be a pent-up 
civilian demand out of proportion to the normally anticipated in- 
dustrial requirements resulting from wartime shortages. 

In addition, it is thought probable that new uses for phthalic 
anhydride discovered during the war will boost the postwar de- 
mand beyond even the estimated output. 4 

Dimethyl phthalate alone is now absorbing about 30,000,000 
pounds of pthalic anhydride annually. Thus, even though the 
use of this chemical as an insect repellant might decline consider- 
ably, it would still account for a sizable amount in the postwar 
period. 

Furthermore, the entrance of many new phthalic plasticizers 
into the civilian market for the first time after the war is bound 
te result in greatly increased consumption. 

It is not expected, however, that there will be any great dif- 
ference in the use pattern of phthalic anhydride in the immediate 
future. Its percentage distribution will probably not be far dif- 
ferent for that indicated by requests for the chemical which came 
to the War Production Board from September, 1943, through 
May, 1944. 

Beyond an analysis of probable factors entering into future 
domestic production and consumption of phthalic anhydride, the 
next most important consideration for the average producer is 
the prospects of the chemical in the field of foreign trade. 

It is not likely that any imports will be necessary. In the fu- 
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ture as in the past the United States should be able to produce 
enough of the compound to obviate the need for importing it in 
any quantity. It is noteworthy that when just before the out- 
break of hostilities the demand did exceed the supply, no other 
country was able to furnish it in appreciable amounts. 

What little phthalic anhydride is being exported by the United 
States at the present time necessarily goes to the United Nations, 
preference being given them by virtue of the relation of the 
chemical to their production of strategic war materials. 

As far as it is possible to judge now, there is little doubt of the 
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existence of a good foreign market for phthalic anhydride after 
the war. Latin America will afford a new field which can easily 
become very important, and there are other new markets in pros- 
pect as well as the old to be further developed. In short, it would 
seem that there could be no question about the utilization of all 
of the phthalic anhydride which can be produced. There is in- 
deed work ahead for all members of this unusual family of chemi- 
cals as they come marching home from the war. 

—Reprinted, in 
part, from Domestic Commerce, 33, 19 (February, 1945). 


Agitation and Crystallization 


A Practical Laboratory Experiment 


ARTHUR W. DEVOR 
Adelphi College, Garden City, New York 


MANY students like to do experiments which can be 
applied to their daily activities. The experiment de- 
scribed here is excellent for girls, especially home 
economics students, and it works very well in demon- 
strating a practical application of rapid crystallization 
caused by agitation. 

Water and sugar (sucrose) were mixed together in two 
small beakers, each containing 10 ml. of water and 
10g. of sugar. The mixtures were carefully boiled until 
the sugar was all in solution. A few crystals of sucrose 
were then dropped into each beaker. One mixture 
was vigorously stirred for 10 to 15 minutes, then both 
were set away in the student’s locker. The students 


noticed the milky appearance due to small crystals as 
they stirred the mixture. After a week, they observed 
the difference in appearance of the two mixtures and 
were asked to taste each and explain the reasons for 
the difference. Then they were asked why cake icing 
and certain candies are ‘‘beaten’’ or vigorously stirred 
before pouring them out of the cooking utensil. 

When answering the questions the most general ob- 
servations, as a result of tasting, were that the mixture 
was sweeter and less “sugary” or ‘‘sandy’’ when 
stirred. Nearly every student could explain the reason 
for such observations as well as explaining the necessity 
of stirring the foods as mentioned above. 





HERE AND THERE IN THE TRADE LITERATURE (Continued from page 193) 


efficiency and which works 24 hours a day for wartime 
needs. Elsewhere is an account of the use and opera- 
tion of a powerful new test standard for airplane 
motors in which super-fuels for motors are studied. 


Looking through the January number of the Mon- 
santo Magazine (Monsanto Chemical Company, St. 
Louis, Missouri), it is as usual almost impossible to 
pick out one excellent feature among many. The by- 
line, ‘“There is no room for pessimism in American Edu- 
cation” accompanies the title, ‘‘We need pioneers,” 
which should make this article of real interest in the 
field of chemical education. Following the quotation 
from Secretary Parsons, of the American Chemical 
Society: ‘‘There has never been a surplus of chemists 
and chemical engineers in the United States,’’ the 
question is asked, ‘‘Have these men at last conquered 
the last frontier?’ The answer is in the negative, 
which is of course the thesis of the whole discussion. 
A short, illustrated article on some of the work of a 
glass blower; a description of the properties and uses 
of Santocel, the “puffed-up silica’; and a good ac- 


count of “‘What’s war news in plastics,” round out the 
number. 


The Winter number of Research Today (Eli Lilly 
and Company, Indianapolis 6, Indiana) contains an 
ingenious and instructive two-page flow sheet showing 
the method of preparing and testing the influenza virus 
vaccine, as well as a short account of the use of the 
electron microscope, with a few good pictures. 


We had heard vaguely about the new “‘plastic foam,” 
recently announced by the General Electric Company, 
but it was not until we looked into the January num- 
ber of The Diamond (Mid-Continent Petroleum Cor- 
poration, Box 381, Tulsa, Oklahoma) that we found a 
good illustrated account of its properties. 


While it is not really a trade periodical, we would 
nevertheless like to call attention to the Carnegie 
Technical, a publication of the undergraduates of the 
Carnegie Institute of Technology (Pittsburgh, Penn- 
sylvania). Contributions cover just about all the 
fields of science and engineering, and it is about the 
best periodical of its sort that we have seen. 





LETTERS 


To the Editor: 

In the February issue of THIS JOURNAL, George 
Antonoff attempts to evade my criticism of his article 
on reaction rates which appeared in the September 
issue. In doing so he runs into a real blind alley by 
stating that ‘‘the first order reaction is one in which the 
rate depends upon only one substance, irrespective of 
concentration.” (Italics mine.) 

Now if there is one thing agreed upon by all the 
authorities and all the textbooks, it is that the order of 
a reaction is the number of concentration factors which 
enter into the rate equation. A first order reaction is 
one whose rate is given by the equation 


dC 
= a = kC 
which, when integrated, leads to the exponential equa- 
tion 
C = Cem 


I venture to say that Professor Antonoff is the only 
person who ever stated that the rate of a first order 
reaction does not depend upon concentration at all! 
However, the source of confusion is a quite common 
one, which even occurs in one physical chemistry text- 
book. It is evident in Professor Antonoff’s discussion 
of radioactive change. It is true, as he says, that the 


rate of radioactive disintegration does not depend upon 


concentration. But it does not follow therefrom that 
first order reactions do not depend upon concentration. 
The difficulty is that the exponential law of radio- 
active change is stated in terms of weight of material 
decomposed—not concentration, which remains the 
same. According to the universally agreed-upon defini- 
tion of a first order reaction, radioactive decomposition 
is not a first order reaction in concentration since its 
rate does not depend upon concentration. 
W. F. LuDER 


NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 


To the Editor: 

The suggestion by Antonoff! that the definition of a 
first order reaction given by Luder? “‘must be modified”’ 
is, by implication, a criticism of the definition given 
in my own writings.* I feel called upon, therefore, 
to make some comment on the subject. May I say 
at the outset that I agree completely with Luder’s 
remarks, and endorse his view that Antonoff’s first 
letter* added confusion to the situation. The second 
letter, referred to above, makes it even worse! 

Antonoff implies that the rate of a first order reaction, 
like that of a radioactive change, is independent of the 
concentration. Surely this is due to a misunderstand- 
ing of the term “rate.” In reaction kinetics it refers 
to dc/dt, the rate of change of concentration, and not to 
dN/dt, the rate of change of the number of molecules. 
It is the latter, and not the former, which is independent 
of the concentration in a first order reaction. 

Incidentally, to state, as Antonoff does, that ‘‘we do 
not know the actual mechanism” of the decomposition 
of nitrogen pentoxide is to disregard the many impor- 
tant researches on this subject. If there is one gas reac- 
tion that students of chemical kinetics would unhesi- 
tatingly accept as unimolecular, as well as first order 
down to quite low pressures, surely it is the decomposi- 
tion of nitrogen pentoxide. 

While expressing great respect for Professor An- 
tonoff’s contributions to science, especially in the field of 
interfacial tension, I would suggest that readers of the 
JOURNAL OF CHEMICAL EpucaTION disregard his re- 
marks on unimolecular and first order reactions. 


SAMUEL GLASSTONE 


BERKELEY, CALIFORNIA 


1 THIs JOURNAL, 22, 98 (1945). 

2 Tbid., 21, 559 (1944). 

3 GLAsSTONE, S., ‘‘Textbook of Physical Chemistry,’’ D. Van 
Nostrand Co. Inc., New York, 1940. 

4 Tu1s JOURNAL, 21, 420 (1944). 


COOPERATIVE ORGANIC CHEMISTRY TESTS 


The revised mimeographed edition of the preliminary draft of Form V of the Co- 
operative Organic Chemistry Test, sponsored by the Division of Chemical Education 
and the American Council on Education, is now available to instructors of organic 
chemistry who are willing to collaborate with us in the validation of this test. 

Both tests and answer sheets, for mechanical scoring, will be supplied without 
charge upon request, provided the answer sheets are returned to the chairman of the 
committee for the purpose of obtaining data on validity. 

The results of this testing program should be in the possession of the committee 
not later than August 15, 1945, as the final form of this examination will be drafted 
during September. If you can give this examination to either your first- or second- 
term students in organic chemistry any time before the 15th of August, your coopera- 
tion will be appreciated. 

Requests for this test, specifying the number of students to be tested, should be 
placed as soon as reasonably possible with Ed. F. Degering, Chairman of the Committee 
on Organic Tests, Department of Chemistry, Purdue University, Lafayette, Indiana. 
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NEW ENGLAND ASSOCIATION 
of CHEMISTRY TEACHERS 


High-School Graduates 


in Industrial Laboratories 


JANE HASTINGS 


General Electric Laboratory, Pittsfield, Massachusetts 


S INDUSTRY increased its production of mate- 
rials to meet specifications of the various branches 
of the armed forces, it was evident that the laboratory 
personnel would not be adequate to meet the demands 
for the testing required. There were not enough tech- 
nically trained men and women in the country to make 
the vast number of chemical analyses and physical 
tests which had to be made before material could be ac- 
cepted by government agencies. Also, college-trained 
persons are not satisfied for very long, if at all, with 
work which is repetitive, or to use the term which is the 
béte noire of youth, “‘routine.”’ 

Since boys with high-school educations had been 
employed for many years in the laboratories of the 
General Electric in nontechnical positions, many more 
were hired in 1941 and trained for routine testing. At 
the Pittsfield Works a separate laboratory was equipped 
and put into operation for the analysis of metal 
castings to be used by the U.S. Navy. This laboratory 
was part of the analytical section, and was staffed 
wholly with high-school boys under the direct super- 
vision of the author. 

Early in 1942 the author suggested to the director 
of the laboratories that girls could do much of the 
testing then being carried out by boys and it seemed 
probable that we should have to employ them eventu- 
ally, so it would be well to find out how many girls 
from the local high schools would be interested in such 
work. The director not only accepted the idea gra- 
ciously, but was very helpful in persuading the skeptical 
section heads to consider how the work could be or- 
ganized so that girls could be employed to replace the 
boys as the latter left for college or induction into armed 
service. During the spring of 1942 the author visited 
six high schools in Berkshire County and interviewed 
girls who were interested in being considered for labora- 
tory work and who were qualified for the work by hav- 
ing taken college preparatory chemistry, by having 
good academic records, and being recommended by the 
principal, the chemistry teacher, or the dean of girls. 


1 Address presented before the Sixth Annual Summer Confer- 
ence, New England Association of Chemistry Teachers, New 
London, Connecticut, August 26, 1944. 


A special effort was made to encourage applications by 
girls who planned on going to college later, but were 
forced to wait a year or two for financial reasons, as it 
had been our experience with the boys that the prospect 
of learning things which would be of value to them in 
college was an incentive in their work. 

In June three college-trained women chemists were 
added to the staff to help with the training and super- 
vising and to carry out analyses which required their 
training. Early in August the high-school girls re- 
ported for work, and by putting the boys on a night 
shift it was possible to use the equipment during the 
day to train the girls and still keep up with production. 
In September the boys left and the girls took over and 
from that time this division of the analytical labora- 
tory has been staffed entirely with females. By October, 
1942, a few girls had been hired for other laboratory 
positions and by January, 1943, even the engineers 
were able to reassign the work so that high-school girls 
could be employed satisfactorily. 

In the analytical section of the chemical laboratory 
in which the control tests are made the girls are given a 
training period of from four to six weeks. During this 
period the college women teach them how to use an 
analytical balance, the names and use of laboratory 
equipment, and give them whatever instruction is 
needed in the calculations they will use, in making out 
reports, and in checking results against specifications. 
After one day of general instruction they start practic- 
ing in the laboratory on a sample of either aluminum 
alloy or bronze, carrying through all of the operations 
called for by the method, under direct supervision of 
one of the college women. Bronze is a satisfactory 
alloy for a beginner to analyze, as the total of the ele- 
ments determined should add up to 100 per cent and a 
good total makes the operator have confidence in his 
work. Also, the analysis of bronze involves various 
types of manipuiation, such as the use of a colorimeter 
and the equipment for the electrolytic determination of 
copper and lead. Each year a course of theoretical 
chemistry has been given one hour a week to supple- 
ment the practical training in the laboratory. 

In the other sections of the laboratory there has 
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been no regular period of training. A girl has been 
assigned to a technical person, with whom she works 
until she has gained enough experience to carry out 
simple operations by herself and thus free the more 
highly trained person for technical problems. Girls 
have been employed in the main analytical laboratory 
where they have carried out analyses on metals, 
glass, water, and refractory materials and have. as- 
sisted in semimicro analysis of organic material and in 
making physical tests. In the metallurgical laboratory 
they have aided the men in development work on heat 
treatment of steels, rolling and magnetic tests, ultra- 
high-frequency work, interpretation of X-ray data, 
and in general, the processing of metals. The electrical 
engineering laboratory has found girls most useful in the 
calibration of electrical instruments and in checking 
the operation of electrical measuring devices used for 
controlling plant processes. A great deal of new elec- 
tronic equipment has been developed in this section 
and girls have worked in the pilot plants, assembling 
and testing newly designed apparatus before it was 
turned over to the factory for general production. 
Most of these girls attended a course in elementary elec- 
tricity given at the local high school two evenings a 
week. This course was one of those in the E.S.M.W.T. 
program, sponsored by the U. S. Office of Education. 

In the section of the laboratory in which the work 
consists of development and testing of organic mate- 
rials, girls have been employed to test cork products, 
varnishes, stickers, and paper products. They learned 
to make distillations, determine boiling points and re- 
fractive indices, and to do any of the physical tests 
required by standard methods of testing such products. 
In the laboratories where various types of insulation 
are studied and controlled, girls have aided in testing 
incoming materials. Since the materials varied from 
oils, resins, and mixtures of both to synthetic insula- 
tion, the work which the girls have done has been both 
chemical and physical testing, with many girls em- 
ployed entirely in testing the electrical characteristics 
of materials. 

In general, the high-school girls who have worked 
in the laboratories for the past two years have made 
satisfactory records. Some of the men who have 
employed girls for the first time have stated that they 
prefer them to college women since they do not object 
to repetitive work. Several have said that they stick 
to their work better than boys witlr the same training. 
The most serious objections to employing girls in tech- 
nical work have been their lack of mechanical sense and 
ingenuity, absence of interest in their work, and the 
need for reorganizing the work where the latter requires 
more physical strength than the ordinary girl possesses. 

As for the girls, and what they think of industrial 
work, their comments have been favorable, for the most 
part, and when they have been unfavorable they have 
borne out the criticisms made of them by the men. 
Those who have liked the work have said that labora- 
tory work has taught them to think things out, and 
once they have learned to do that they feel a confidence 
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They 


in their ability which they never had before. 
have found that their interest in reading has increased, 


especially news reports on recent discoveries. They 
have also expressed a definite satisfaction in having 
done work so closely connected with the war. There 
have been some girls who have found that the work has 
convinced them that they would not care to make 
industrial work a career. These have said that the 
work is monotonous and industrial problems do not 
interest them. Some of them have decided that they 
would prefer work which dealt with people and have 
left to study nursing or hospital laboratory technique. 
Others have felt that in a large organization one loses 
the sense of being a person and feels like a machine. 

As a supervisor of a staff which has been made up 
of high-school graduates with excellent academic rec- 
ords, who have later gone on to college, and who, for 
over three years, have maintained a high level in qual- 
ity and quantity of laboratory work, the author feels 
that the following observations on deficiencies in the 
usual high-school training might be useful to those en- 
gaged in instructing in secondary schools. High-school 
graduates of the highest caliber have shown a lack of 
practice in arithmetic. A refresher course in the 
senior year, in which they would receive drilling in solv- 
ing simple problems, should be valuable to all students 
who propose going to college or who are interested in 
technical work. Such a course has been given for the 
past three years at the local high school and those who 
have taken it have shown more ease when faced with 
calculations than those who have had no such course. 
Another obvious failing in the high-school training is 
the lack of knowledge of any method for checking cal- 
culations for correctness. In the training course given 
in the analytical laboratory, the trainees are required 
to outline methods. The difficulty the high-school 
graduates experience in finding the salient points in a 
paragraph so that it may be condensed for rapid refer- 
ence, indicates that they cannot read quickly and criti- 
cally. 

By their devotion to their work and by their keen 
interest in learning new technical work, high-school 
girls have made a real contribution to the fine record of . 
industrial production for the armed forces. 


Notes 


At the meeting on December 9, 1944, the Executive 
Committee voted to propose the following amendment 
to the Constitution to be voted on at the Annual Meet- 
ing in May, 1945. To strike out the word ‘‘and” and 
insert the words ‘‘and the Editor of the Report’ in 
Article VII, Section 1, so that the Section will read as 
follows: ‘‘Article VII, Section I. The officers of the 


Association as listed in Article IV, Section I, together 
with the Division Chairmen, the Chairman of the 
Board of Trustees of the Endowment Fund, the im- 
mediate past President, and the Editor of the Report 
constitute the Executive Committee.” 





RECENT BOOKS: 


CHEMICAL MACHINERY. Emil Raymond Riegel, Professor of 
Industrial Chemistry, University of Buffalo. Reinhold Pub- 
lishing Corporation, New York, 1944. vii + 583 pp. 436 
figs. Q98tables. 15 K 22.5cm. $5.00. 

As stated by the author, this book is a collection of information 
concerning machinery and instruments used in chemical manu- 
facturing. In deciding what material to include, the author has 
used three criteria—general application, availability in stock sizes 
from the manufacturer, and large-scale operation. Laboratory 
equipment is excluded. The material used was obtained from 
the manufacturers, and several engineers of various companies 
have collaborated on certain chapters. The types of machinery 
discussed can be judged from a partial list of chapter headings. 
Some of these are: ‘‘Devices for Reducing the Size of Solid Ma- 
terials’; ‘‘Screening and Grading Equipment”; ‘Tanks’; 
*‘Devices for Propelling and Elevating Liquids’; ‘‘Pumps, 
Blowcases, Ejectors’”’; ‘‘Weighing and Proportioning Solids and 
Liquids”; ‘‘Equipment for the Propulsion of Gases’’; ‘‘Devices 
for the Cleaning of Gases’; ‘‘Mixing, Kneading and Blending 
Equipment for Pastes and Solids”; ‘Separation of Solids from 
Liquids. I. Settlers and Thickeners”; ‘‘Evaporators”; ‘‘Crys- 
tallizers”’; ‘‘Driers’’; ‘‘Distilling and Fractioning Equipment’; 
‘‘Vacuum-Producing Devices’; ‘‘Condensers, Steam-Jet Ejec- 
tors, Vacuum Pumps”; ‘‘Heat Exchangers”; ‘‘Devices for the 
Application of Heat and Cold’”’; ‘‘Gas Conditioning”; ‘‘Hydrau- 
lic Pressure Equipment”; ‘‘High-Pressure Equipment (Heavy- 
Wall Vessels)”; ‘‘Instruments. Part I. Temperature, Auto- 
matic Potentiometers, Controllers.” 

The procedure in each chapter is to illustrate by diagrams and 
pictures the types of equipment for a certain purpose and discuss 
their performance. Operating data are given in many cases. 
It would be hard to obtain general agreement on the apparatus 
to be discussed in such a book; a complete coverage would 
probably necessitate a large reference work of more than one 
volume. The uninitiated reader will have the feeling that the 
writer has emphasized equipment made in his locality and though 
this may be justified, the result is that the book seems more 
limited in its coverage than it really is. 

This point does not alter the fact that the chemical engineer 
and industrial chemist will obtain a large amount of valuable in- 
formation from the book. It should be required reading for all 
senior chemical engineering students and in an industrial chem- 
istry course. 

ARTHUR A. VERNON 


NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 


PracTicaAL MgtHops 1n Biocuemistry. Frederick C. Koch, 
Professor Emeritus of Biochemistry, University of Chicago, 
and Director of Biochemical Research, Armour & Co., Chicago, 
and Martin E. Hanke, Associate Professor of Biochemistry, 
University of Chicago. The Williams & Wilkins Co., Balti- 
more. Fourth Edition, 19438. vii + 353 pp. 41 tables. 20 
figs. 16 X 23.5cm. $2.25. 

This laboratory manual is intended primarily for medical stu- 
dents at the graduate level of intelligence, which reliably existed 
before the days of accelerated programs and lowered standards. 
Thus, knowledge and experience are assumed as to chemical 
mathematics and quantitative analysis, so that few elementary 
details about making calculations are given. However, because 
of its wealth of other explanatory material, the book will be a 
great aid as a reference to any student of biochemistry. Its ex- 
cellent selection of practical quantitative methods will aid pro- 
fessional biochemists. ‘The writers have retained all but one of 
the helpful features of the senior author’s third edition (1941), 
and have added quantitative determinations for 10 of the amino 
acids. Other additions are the nitrous acid method for amino 


nitrogen, colorimetric methods for vitamins, chemical tests for 
hormones, and supplementary directions in the appendix for the 
use of newer types of apparatus. The chapter on hydrogen-ion 
activity and pH has been extended and modernized. It is pain- 
ful to report that in the process of these insertions and revisions 
there was a heinous lapse in proofreading. There are at least 50 
errors in cross references and in the numbering of tables of data. 
The wrong references perpetuate the now obsolete page-, table-, 
and experiment-numbers of the previous edition. There are two 
different tables numbered “‘25,” so that from there onward each 
table is wrongly numbered. Just enough of these cross refer- 
ences have been corrected so that the reader never knows whether 
or not he will find what he is after. This lessens faith in the ac- 
curacy of the whole book, and severely decreases its value for 
class use. It is hoped that by the date of this writing the condi- 
tion has been remedied in a printing more recent than the review 
copy. 

Although divided into ‘‘parts” and “chapters,” the experi- 
ments are conveniently numbered in a single order for the entire 
volume. The titles of experiments are often so worded that they 
tell what the experiments are intended to show or why they are 
important. This manual further lives up to its title of ‘‘practical” 
by omitting experiments and methods which are now of only 
historical interest, and which have been replaced by simpler and 
more accurate techniques. For example, for urea plus ammonia 
in urine the urease direct Nesslerization method is given, and for 
ammonia alone, the zeolite micromethod. Again, total phos- 
phorus in urine is measured by the Neuman-Pemberton method 
in two alternative forms, or by the modified Fiske and Sub- 
barrow method. The latter also serves, of course, for estimating 
inorganic phosphates in blood, plasma, or serum. Each pro- 
cedure begins with a clear statement of the principle involved. 
Footnotes provide references to the biochemical literature. With 
all their practicality, especially in the excellent chapter on quan- 
titative blood analysis, the authors fail to heed their own warning 
about glycolysis in Folin-Wu filtrates to which the sodium tung- 
state but no sulfuric acid has been added. Why not put in the 
acid first, and the tungstate last? Besides, this modification 
makes a coarser precipitate which is easier to filter, and which 
always yields a clear filtrate on the first attempt. Again, in the 
titration for free acidity in gastric juice by Tépfer’s method, a 
yellow end point is described, instead of the intermediate orange 
color which appears in the lower pH range where recent workers 
believe that really free acid is all neutralized. 

Apparently with the desire to save space and materials, the 
publishers have used thin paper printed on both sides, small 
type for the large amount of explanatory matter, and this same 
small type for the entire appendix of general directions and re- 
cipes for reagents. The helpful list of reagents and amounts 
needed for the experiments, which followed the appendix in the 
third edition, has been omitted. Nevertheless, there are more 
pages in this fourth edition, at no increase in price. The sub- 
ject index has been retained, but is not entirely free of errors. 
The binding appears sturdy, and allows the pages to lie flat con- 
veniently. 

Davin Lyman DaAvipsON 


Gustavus J. Esse_en, Inc. 
Boston, MASSACHUSETTS 


TERNARY SystEMsS. G. Masing. Translated by B. A. Rogers. 
Reinhold Publishing Corporation, New York, 1944, v + 173 
pp. 166 figs. 15 X 23cm. $4.50. 

This is an introduction to the theory of three-component sys- 
tems. Its avowed purpose is to furnish a detailed discussion of 
a few representative types of three-component systems, both in 
solid models and isothermal sections. There is no discussion of 
the experimental methods used to secure data, since these are 
rather generally known. However, three actual systems are dis- 
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cussed in very considerable detail. These are the Fe—Si-Al, 
Sn-Zn-—Cu, and Fe—C-Si systems. 

There is a brief discussion of the phase rule itself, of methods of 
plotting, and the significance of important sections. Then fol- 
lows a detailed discussion of simple eutectic mixtures, solid solu- 
tions (both continuous and broken-series), compounds having 
congruent melting points, and systems having limited miscibility 
in the liquid state. The process of crystallization, state spaces 
and state surfaces, isothermal sections, and sections perpendicular 
to the plane of concentration are treated very thoroughly in every 
chapter. A “‘general law concerning contiguous state spaces’”’ is 
set forth. 

Naturally, seven chapters devoted exclusively to such discus- 
sion are insufficient to cover all possible or even likely cases. The 
author repeatedly states ‘‘only the fundamental problems can be 
presented.”” However, brevity has been carried too far in some 
cases. Thus the discussion of the influence of binary compounds 
with incongruent melting points on the ternary diagram leaves 
much to be desired. Furthermore, the use of the term “‘conode” 
for conjugate systems seems unnecessary and confusing. 

Nevertheless this book represents a very real contribution to 
phase theory. In general the discussions are very full and clear. 
The numerous diagrams are well executed. Author and trans- 
lator have done a notable piece of work. Any student of the 
phase rule will find this a valuable addition to his library. 

Matcotm M. HarInc 





UNIVERSITY OF MARYLAND 
CoLLEGE PARK, MARYLAND 


THOMAS JEFFERSON AND THE SCIENTIFIC TRENDS OF His TIME. 
Charles A. Browne. Chronica Botanica Co., Waltham, 
Mass., 1944. 16illustrations. 63pp. 17.5 X 26cm. $1.25, 


This volume is one of the finest tributes to Thomas Jefferson 
which has recently been published to commemorate the 200th 
anniversary of his birth. It is handsomely illustrated with maps, 
facsimiles, a wood cut of Monticello, an old wood engraving of the 
University of Virginia, a diagram of the Monticello Garden, a 
silhouette of Jefferson, a drawing of the plant Jeffersonia Barton, 
and other cuts. 

In commenting on Jefferson’s remarkable versatility, the 
author points out that this quality was also possessed in high 
degree by several of his contemporaries: Benjamin Franklin, 
Joseph Priestley, Count Rumford, J.-A.-C. Chaptal, Comte de 
Chanteloup, Henry Brougham, Sir Humphry Davy, and Alex- 
ander von Humboldt. Through citations from his writings the 
author shows that Jefferson was a conservative spectator of the 
scientific, revolution of his time and that his scientific interests 
were largely utilitarian rather than theoretical, but that he did 
speculate as to the origin of sea shells on mountain tops. 

Although Jefferson placed.great emphasis on the financial 
importance of the tobacco crop in Virginia, he considered it ‘‘a 
culture productive of infinite wretchedness” and discouraged the 
planting of it except at times when it commanded an unusually 
high price. Dr. Browne states that Jefferson’s correct opinion 
regarding the great impoverishment of the soil by this crop was 
based on empirical observations made before Théodore de Saus- 
sure had pointed out the importance of the mineral constituents 
of the soil in plant nutrition. Jefferson’s appreciation of the 
ability of peas to enrich the soil also antedated by 40 years Bous- 
singault’s proof that they are able to assimilate nitrogen from 
the atmosphere. A special article by Dr. Browne on Jefferson’s 
services to agricultural chemistry has appeared in the Scientific 
Monthly for January, 1945. 

The author also emphasizes the cosmic outlook which Jeffer- 
son expressed in his ‘‘Notes on the State of Virginia’”’ and his con- 
stant desire to find out how any given observation about this 
state compared with similar observations in the world as a 
whole—a point of view which Alexander von Humboldt later 
developed much more comprehensively in his ‘‘Kosmos.”’ 

Dr. Browne also mentions Jefferson’s careful testing of a 
method for obtaining fresh water from salt water, and has pub- 
lished this historic report with suitable comments in the JouRNAL 
oF CHEMICAL EpucATION for December, 1948. 
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Jefferson’s mechanical ability is exemplified in his invention of a 
“plow with mould-board of least resistance.”” In studying the 
discussion of the mechanics of the plow, ‘‘the age-long symbol of 
peace,” the author was impressed by Jefferson’s eloquent plea 
that nations devise a more rational means of settling their differ- 
ences. 

Jefferson regarded his election to the American Philosophical 
Society as ‘the most flattering incident”’ of his life; this great 
organization, too, has published a handsome bicentennial volume 
in his honor. 

Dr. Browne discusses in detail the scientific accomplishments 
of the Lewis and Clark Expedition, which he regards as “‘Jeffer- 
son’s greatest contribution to science in the service of the nation” 
and ‘‘an enduring monument to the genius of Jefferson, who first 
conceived the project . . . and who outlined the instructions 
which its faithful commanders followed to the very letter.” 

This timely, scholarly, carefully documented, and beauti- 
fully written account of the labors of Jefferson and his con- 
temporaries is a valuable contribution to the history of science in 
America. 

Mary E.tvira WEEKS 


Wayne UNIVERSITY 
DetrolItT, MIcHIGAN 


Fritz EpHramM. INORGANIC CHEMISTRY. Fourth English 
Edition. P. C. L. Thorne, Sometime Lecturer in Chemistry 
at the Sir John Cass Technical Institute, London, and at 
Woolwich Polytechnic, and Z. R. Roberts, Assistant Lecturer 
in Chemistry at the Imperial College of Science and Technol- 
ogy and at the Sir John Cass Technical Institute, London. 
Oliver and Boyd, Ltd., Edinburgh, Scotland, 1943. Ameri- 
can Photo Offset Reprint, Nordeman Publishing Company, 
Inc., New York, 1944. xii+92lpp. 23 X 15.5cm. $8.75. 
In America, at least, Ephraim’s textbook has found little use 

as a text; as a reference book, however, it has become one of the 
classics of inorganic chemistry. In it, the author sought to 
systematize and unify inorganic chemistry by discussing ele- 
ments and compounds as classes, rather than individually. The 
aim of the book was partially stated in the following quotation 
from the preface: ‘‘In this book unconnected facts have been 
included only in so far as they illustrate the general matter 
under discussion; in this way a clearer general view of the sub- 
ject is obtained and the separate facts are remembered as a part 
of an intelligible scheme. By treating related compounds to- 
gether, comparisons and connections and their causes and effects 
are clearly emphasized, after which any special properties of par- 
ticular substances are mentioned.” 

The generalizations are given such prominence that it is some- 
times difficult to find specific information about ‘particular 
substances.” This was especially true in the first English edi- 
tion; it has been partially corrected in later editions by a greatly 
enlarged index. 

The success of this work, and its value, are indicated by the 
fact that after nearly 25 years, it is still one of the most widely 
used books in advanced inorganic chentistry. It has appeared in 
numerous editions in German, English, and Spanish. The first 
English edition (1926) was based upon the third German edition; 
subsequent English editions have been revisions of this, rather 
than translations of successive German revisions. 

The fourth English edition is remarkably similar to the third. 
While a great many changes have been made, most of them are 
minor and very few are significant. The reviewer doubts whether 
such changes are sufficient to justify the publication of a new edi- 
tion. 

More changes could have been made, especially in correcting 
errors which found their way into earlier editions. For example, 
the statement that the rare earths can be separated through the 
volatility of the acetylacetonates (page 344) has appeared in all 
of the English editions, although no successful separation through 
this method has been reported. The generalization that the 
oxides of sulfur, selenium, and tellurium react with water to give 
acids (page 548) is incorrect as regards tellurium trioxide (page 
569). 
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The book would be much more useful as a reference book if the 
number of references to the original literature were greatly ex- 
panded and an author index included. Even without these 
things this is one of the best books in the field and every inor- 


ganic chemist should own and use it. 
Joun C. Barar, Jr. 


UNIVERSITY OF ILLINOIS 
Ursana, ILLINOIS 


Patent Law. Chester H. Biesterfeld, Member of the New York 
Bar and of the Bar of the District of Columbia. John Wiley 
and Sons, Inc., New York, 1943. v + 225 pp. 14 X 21.5 
cm. $2.75. 

This book was the outgrowth of a number of weekly lectures 
in substantive patent law conducted by the author as an ex- 
tension course at the University of Delaware. 

The object of the course was to acquaint chemists, engineers, 
and students who had no professional law training, with the basic 
principles and rules underlying the obtaining of patents and the 
litigation that often arises when patents are involved. 

The keynote of this book is that it deals mainly with funda- 
mentals and is frankly not intended as an exhaustive treatment 
of any one phase of the patent law. The material is handled very 
well for easy understanding by the beginner. Anyone already 
well versed in the field, however, while finding the little volume 
interesting, would also find it too elementary to have much value 
as a reference work. 

The material is presented with, first, an explanation of each 
basic principle or rule, and then illustrations from leading law 
cases supporting the rule or contrary to it, as the case may be, 
are given. Most previous books in this field which were de- 
signed particularly for chemists have erred either on the side of 
being nothing but a compendium of case citations or else they 
contained almost no citations. 

Some of the subjects treated exceptionally well, even though 
briefly, are: Invention and Discovery, Functional Claims (with 
a good section on chemical claims), Patentability of Uses, Re- 
issues, and Infringement. The chapter on ‘“‘The Patent Appli- 
cation and Prosecution Thereof,” although not recommended as 
a substitute for hiring a patent attorney, is strongly recom- 
mended to any chemist having patent applications pending be- 
fore the Patent Office. 

On the other side of the picture it must be regretfully stated 
that the chapter headed ‘‘Permissible Breadth of Chemical 
Claims’”’ has been poorly handled. No mention at all is made 
of the ex parte Markush practice which many attorneys follow 
in setting up an artificial class of chemical equivalents. 

From a mere listing of some of the other chapter titles it can 
be seen that the book has distinct value for a chemist-inventor or 
an engineer. Some of the rest of the titles are: ‘‘Liability for 
Infringement,” ‘‘Licenses,’”? ‘Ownership and Shop Rights,” 
“‘Trade Secrets,” ‘‘Patent Litigation,” and ‘‘Searches.” 

The book further contains an appendix which quotes Sec- 
tions 4886 to 4888, 4900, 4921, and 4923 of the Revised Statutes 
which form part of the basis in statutory law of the legal aspects 
of patents. : 

The bibliography is incomplete, Rossman’s excellent book, 
“The Law of Patents for Chemists,’’ being one of the standard 
references which is omitted. 

A book of this type could well form the basis of a course of 
patent law which should be included in the education of all 
chemists. 

Wi.uiaM S. HILi 


RICHMOND, VIRGINIA 


THE Drama oF CHemistry. Sidney J. French, Professor of 
Chemistry, Colgate University. The University Society, Inc., 
New York, 1944. iv + 176 pp. 111 figs. 15 X 23 cm. 
$1.00. 

This is an up-to-date edition of a book which was first published 
in 1937. Nochanges have been made in the historical portion. 


JouRNAL OF CHEMICAL EpucaTION 


FUNDAMENTAL PRINCIPLES OF PHYSICAL CHEMISTRY. Carl F. 
Prutton, Professor of Chemistry and Chemical Engineering, 
Case School of Applied Science, and Samuel H. Maron, 
Associate Professor of Physical Chemistry, Case School of 
Applied Science. The Macmillan Company, New York, 1944. 
x +780 pp. 174 figs. 14 21cm. $4.50. 

“The authors’ aim in writing this text on elementary physical 
chemistry is to place in the hands of teachers and students a book 
which covers the fundamental principles of the subject in a thor- 
ough, sound, up-to-date, and clear manner.”” This aim has been 
realized to a high degree. However the term “elementary” 
should be stricken out. The book is entirely adequate for a first- 
class senior or early graduate course in the subject. 

The 23 chapters are arranged in the order now pretty widely 
considered to be best from the teaching standpoint. Thermo- 
dynamics is introduced immediately after gases, so that deriva- 
tions requiring the first and second laws need not wait to be con- 
sidered halfway through the course. . The treatment of entropy 
and the third law is more extensive than is common. The dis- 
cussion of activities is good and includes a partial derivation of 
the Debye-Hiickel limiting law. Most of the best sources on 
thermochemical data are cited in that particular chapter. There 
are plenty of problems at the end of each chapter, some being 
accompanied by answers and some not. Several ‘‘References for 
Further Reading’”’ are also appended to each chapter. There 
are some literature references, but there could be more. The 
numerous illustrations are quite clear, although why authors in 
general persist in picturing calomel and other reference electrodes 
as larger than all the rest of the apparatus is incomprehensible. 
There are 120 tables of useful data, not including the usual table 
of atomic weights. 

This book is clearly written and shows a “‘level’’ treatment— 
t. e., the authors do not ride their hobbies. This is the hallmark 
of a good text. It ranks with the leading works of its kind. It 
is worthy of careful consideration by any teacher. 

MaAtcou”m M. Harine 


UNIVERSITY OF MARYLAND 
CoLLEGE ParRK, MARYLAND 


Leap Porsoninc. Abraham Cantarow, Associate Professor of 
Medicine, Jefferson Medical College, and Biochemist and As- 
sistant Physician, Jefferson Hospital, Philadelphia, Pa., and 
Max Trumper, Lt. Commander, H-V (S), U.S.N.R., Naval 
Medical Research Institute, Bethesda, Maryland. The 
Williams & Wilkins Co., Baltimore, 1944. xiii + 264 pp. 5 
figs. 21 tables. 15.5 X 23.5cm. $3.00. 

Meticulously documented, this thorough and complete mono- 
graph includes a 17-page bibliography and a 5-page index. The 
book appears at a time when the increasing use of lead and its 
compounds in many industries provides a serious threat to human 
health. The’appeal of the several chapters is directed to diverse 
classes of readers, such as physiologists, biochemists, physicians, 
and analytical chemists for theoretical and clinical study, and to 
teachers, architects, plant foremen, workers, managers, control 
chemists, factory physicians, and even housewives for practical 
information. 

The general reader will find much repetition of facts among the 
chapters of the volume, and even within individual chapters. 
He may be irked by this, but its intention is evidently to mini- 
mize page-turning by specialists when they use this book for 
reference. Nevertheless, many of the redundancies in chapter I, 
“Absorption, Transportation, Deposition, and Excretion of Lead,” 
seem to be superfluous. They unnecessarily lengthen the text. 
The same facts are cited again in later chapters, ‘‘Pathology and 
Pathological Physiology,” ‘‘Clinical Manifestations,’’ and ‘‘Lead 
in Blood, Body Fluids, and Excretions.”” The earlier chapters 
give one the impression of prolongation also by their incessant 
content of names of authorities. Better grouping of data might 
have reduced greatly the number of times the same investigators 
are given credit for their work, without decreasing the value of 
the documentation and excellent bibliography. 

In addition to those mentioned previously, there are chapters 
entitled ‘‘Normal Intake,” ‘Occurrence of Chronic Lead Poison- 





Asm mm te 6. HH Oe Ow OO AS JZ eA 


APRIL, 1945 


ing,’’? and “Lead Products in Industry.” The latter will be of 
particular interest to chemistry teachers. 

May R. Mayers has contributed the excellent chapter, ‘‘Treat- 
ment of Lead Poisoning,” where prevention is keynoted in her 
description of proper design of buildings and equipment, mainte- 
nance of safe conditions, and of specifically clear methods for the 
advice and instruction of all sorts of personnel in lead industries. 
Then follows a discussion of medical supervisory methods, specific 
curative measures, and symptomatic treatment. 

The final chapter, ‘‘Procedures for Determination of Lead,” 
by Morris B. Jacobs will delight analytical chemists. The pre- 
cautions necessary for accurate determinations of small amounts 
of lead are painstakingly emphasized. The descriptions of 
qualitative and quantitative methods are sufficiently complete 
to allow an accurate estimate of the facilities, equipment, and 
techniques required for their conduct. Of course, the analyst 
will wish to consult the original literature before performing 
such critical analyses in an official capacity. Alternative pro- 
cedures are given, 7. e., lead sulfide, s-diphenylcarbazide, dithi- 
zone colorimetric and photometric, and a polarographic method. 

Among the eight minor errata are ‘‘numberous” on p. 74, 
“endentulous” on p. 77, ‘“‘suddenély” on p. 105, and ‘‘(000)” 
instead of ‘‘(226)”’ as a cross reference on p. 222. The thoughtful 
reader of even a small part of this volume will feel an increase in 
his cautious respect for lead as a leading potential hazard to the 
health of man and all animals. 

Davip LYMAN DAvIDSON 


Gustavus J. Esseven, Inc. 
Boston, MASSACHUSETTS 


THE THEORY OF RESONANCE AND ITS APPLICATIONS TO ORGANIC 
CHEMISTRY. George Willard Wheland. John Wiley and Sons, 
Inc., New York, 1944. vi+316pp. 13.5 X 21.5cm. $4.50. 


It is probably safe to say that the modern quantum-mechani- 
cal viewpoint has revolutionized the theoretical approach to 
chemistry in most of its departments. This is particularly true 
of that quantum-mechanical concept known as resonance. Al- 
though the theory of resonance with its applications to both inor- 
ganic and organic chemistry has been frequently and extensively 
expounded by various authors, it certainly has not been more suc- 
cessfully treated in relation to organic chemistry than in Dr. 
Wheland’s book. 

The subject matter of the book is strictly limited to the field of 
resonance, the excursions into related fields being made only when 
they throw light on this main subject. This means inevitably 
that some points of very great interest to theoretical organic 
chemistry are not included; but it also means that commendable 
unity is achieved, which aids the reader in understanding this 
subtle subject. The book is also characterized throughout by 
clarity of style. 

Dr. Wheland’s approach, although necessarily dogmatic in or- 
der to avoid mathematical difficulties, is nevertheless critical. 
Indeed the outstanding features of his monograph are the care 
with which he assesses the reliability of various experimental 
methods and theoretical conclusions and the nicety with which he 
distinguishes between closely similar concepts such as binding 
energy and bond energy, resonance ‘‘structures,’’ and molecular 
structures in the ordinary chemical sense, etc. As examples of 
his critical care, one might cite at random such instances as his 
discussion of the limitations of the Debye equation for dipole 
moments, his evaluation of the relative accuracy of methods used 
for the determination of resonance energies, his warning that ‘‘the 
frequently encountered statement that resonance ‘shortens’ bond 
distances is not quite strictly correct,’ his care in pointing out 
that resonance considerations are related to changes in internal 
energy (AE) and not to changes in free energy (AF) as many or- 
ganic chemists seem to have assumed, and his explanation that 
resonance is not a physical reality but merely a mathematical 
convenience. : 

The book opens with a quick plunge into the quantum-me- 
chanical features of resonance. This is followed by ¢hapters on 
the different types of valence bonds, methods of calculating res- 
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onance energies, and resonance as related to coplanarity of atoms, 
interatomic distances, dipole moments, and molecular spectra. 
These chapters, which consume 163 pages of the book, lay the 
foundation for an adequate understanding of resonance. The 
remaining two chapters discuss the applications of the concept to 
the two main problems of theoretical organic chemistry, namely, 
chemical equilibrium and chemical kinetics. The last chapter is 
the longest one of the book (64 pages) and contains the material 
of greatest interest to organic chemists. 

Despite the fact that this book is far from the first to discuss the 
resonance theory in nonmathematical language and to illustrate 
its application to organic chemistry, it merits the enthusiastic 
acclaim of the chemical profession, partly because it is more up to 
date than the earlier books in the field but chiefly because Dr. 
Wheland’s intimate knowledge of the mathematical details of 
quantum mechanics has enabled him to write critically on the 
qualitative aspects of the theory of resonance which are the all- 
important aspects in dealing with the complicated molecules pe- 
culiar to organic chemistry. 

A. EDWARD REMICK 


WAYNE UNIVERSITY 
Detroit, MICHIGAN 


A LABORATORY PROGRAM FOR GENERAL CHEMISTRY. J. R. 
Morton, D. R. Clippinger, L. P. Eblin, Ohio University, under 
the editorship of Herman T. Briscoe, Professor of Chemistry, 
Indiana University. Houghton Mifflin Company, Boston, 
1944. vi + 272 pp. 17 figs. 21.5 X 28cm. Paperbound, 
punched, detachable leaves. $2.00. 


This laboratory manual consists of (1) 28 experiments in gen- 
eral chemistry and (2) qualitative analysis for the identification 
of 24 cations and 22 anions. Each experiment is designed to 
teach a principle thoroughly, and not merely to extend the de- 
scriptive laboratory work of the secondary school. A clear dis- 
cussion introduces each experiment, observatiors are recorded on 
a separate sheet at indicated points in the procedure, and the 
principle of the experiment is summarized in a set of searching 
questions. The analytical portion is designed for macro tech- 
nique, but the procedure can be adapted to semimicro. Special 
tests for identifying cations are also included. 

Instructors in general chemistry and in qualitative analysis will 
find here a well-organized and tried-in-service set of laboratory di- 
rections. 

ELBERT C. WEAVER 


PHILLIPS ACADEMY 
ANDOVER, MASSACHUSETTS 


AN OUTLINE FOR INDUSTRY. Frederick Willkie and Harrison C. 
Blankmeyer. Charles C Thomas, Publisher, Springfield, Illi- 
nois, 1944. xiii + 260 pp. Illustrated. 14 X 22cm. $4.00. 
More or less a ‘“‘plug’’ for the distillery industry, but in a larger 

sense, just what the title implies—some general philosophy for 

industry, in which the authors draw upon the experiences of the 
distillers. 


‘ 
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ANCIENT AND MeEpDIEvAL Dyges. William F. Leggett. 
Publishing Company, Inc., Brooklyn, New York, 1944. 
9 pp. 13 XK19cm. $2.25. 

This book describes the discovery and development of dyes by 
ancient people. Coloring matter was a necessity to primitive 
man because it was first used as a form of magic. 

Many kinds of shrubs, trees, berries, and nuts were the first 
sources of dyes. Trade in dyestuffs began when the sources of 
one district were found to be superior to another. Gradually the 
more inferior dyes were eliminated until in medieval times the 
main sources were the following: madder, indigo, woad, saffron, 
safflower, weld, brazilwood, logwood, barwood, camwood, the 
fustics, orseille, cudbear, annatto, turmeric, cutch, gambir, 
quercitron, Tyrian purple, kermes, cochineal, lac, malachite, iron, 
azurite, carbon, and chalk. Dyes made from these substances 
are discussed under three headings: vegetable, animal, and 
mineral. 
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A LasoraTory MANUAL OF PHYSIOLOGICAL CHEMISTRY. D. 
Wright Wilson, Benjamin Rush Professor of Physiological 
Chemistry, University of Pennsylvania. Fifth Edition. The 
Williams & Wilkins Company, Baltimore, 1944. 269 pp. 4 
tables. 16 X 23.5cm. $2.50. 

Produced in ‘‘V style” under wartime conditions to conserve 
materials, with no page headings, no figures, and many procedures 
too brief for primary use, surprisingly this book is printed on only 
one side of the paper with all of the right-hand pages blank. This 
feature is convenient for note-taking and for taking clippings 
from the book, but it discourages students from the proper direct 
use of laboratory notebooks, which are nowhere mentioned. 
However, this volume is honestly presented in its preface ‘‘as a 
teaching manual and not as a comprehensive reference book.’ 
Where the supply of special apparatus is restricted, but the zeal 
for extensive teaching and explaining is unfettered, Wilson’s fifth 

, edition should fit well in medical, dental, and veterinary courses. 

The author faces realistically the poor preparation of students 
for a course in physiological chemistry, and admirably reviews in 
the first chapters of Part I many principles and reactions which 
should have been learned in organic and general chemistry courses. 
He then takes up the properties of carbohydrates, proteins, and 
fats. In Part II there are experiments on the digestive secretions, 
various tissues, blood, urine, purines, and dietary deficiencies in 
laboratory animals. Whether a given procedure is fully de- 
scribed or most briefly summarized seems unpredictable. The 
handling of colorimeters is described briefly, but the use of am- 
monia aeration outfits not at all. It is evidently assumed that 
students will frequently refer to the original literature, through 
the use of references given in footnotes. The experiments are 
numbered separately in each short subject-section, rather than 
in a single convenient sequence. As a glaring exception to its 
modernity, this volume stresses the use of Fehling’s solution as a 
test for reducing sugars and makes negligible mention of the more 
permanent and convenient Benedict’s solution. Unless large 
amounts of animal tissues were available, some of the long but 
instructive biochemical preparations and purifications could not 
be carried out well. Flexibility of application is lost because of 
the way in which much of the book is pointed to specific arrange- 
ments and conditions in the author’s own laboratory. The stu- 
dent is encouraged to prepare many of his own special reagents by 
recipes in the body of the text in full-sized type. This is good 
training in self-reliance, if there are enough laboratory hours to 
permit its being done carefully. Both old and new methods for 
quantitative determinations on blood and urine are given, but 
aid in making the calculations is extremely meager. The proof 
reading has been done almost to complete perfection, and the 
binding is sturdy and well suited for laboratory use in the open 


position. 
Davip LyMAN DaAviIpsSON 


Gustavus J. Essev_en, Inc. 
Boston, MASSACHUSETTS 


Woop Cuemistry. Louis E. Wise, Editor, The Institute of 
Paper Chemistry, Appleton, Wisconsin. (A. C. S. Monograph, 
No. 97.) Reinhold Publishing Corporation, New York, 1944. 
x+900 pp. 58figs. 153tables. 15.5 X 23.5cm. $11.50. 
Particularly interesting now is this book on one of Nature’s 

most abundant and versatile raw materials. In this and other 

countries engaged in the overwhelming industrial development 
occasioned by war, the need for raw materials has been tremen- 

dously expanded—and wood is woven throughout the entire mili- 

tary fabric. 

Wood as a readily worked material is being so widely harvested 
that we are cutting into the backlog of generations of growth: 
for use mechanically as lumber; for use with the chemical units of 
ultimate cellulose unchanged in pulp for paper, rayon, solvent, 
and explosives themselves; and for use chemically, to give alco- 
hol for motor fuel, synthetic rubber for tires, oxalates for the 
“‘tracer” in tracer bullets, plastics in their myriad chemical and 
mechanical forms, and many others. The readiness with which 
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wood may be harvested has made it practical for many mechani- 
cal utilizations hitherto reserved for steel; and, in many cases, 
also a chemical raw material for finished products of chemical 
conversion usually obtained from other sources. 

Much has been written without exhausting this subject, cur- 
rently of such importance, and here there is a book of 900 pages. 
(Books on wood use larger and larger amounts of the subject ma- 
terial as they get increasingly thicker.) Ina book covering such a 
comprehensive field as the growth, chemistry, methods of analy- 
sis, physical properties, and industrial chemical utilization of 
wood and materials therefrom, there is first the problem of de- 
termining the scope and then the organization of the mass of ma- 
terial. No plan can be perfect, but this one seems to have been 
particularly good in the presentation of most of the essential facts 
on wood of interest to the chemist. 

The authors are a group of over one dozen of the outstanding 
men in fields ranging from the botany and anatomy of wood 
through the chemistry, physical properties, polymeric aspects 
of the cellulose molecule, and industrial utilization in various of 
its many outlets. The names in this list are an impressive indica- 
tion of the authority of the book itself, and the editor has molded 
their writings well. 

The silviculturist will find this interesting because his field is 
treated; so also will the physicist, the physical chemist, the or- 
ganic chemist, the cellulose chemist, the industrial chemist in 
rayon pulp production and various other fields, the chemical en- 


gineer, and even the construction engineer. 
DoNnaLpD F. OTHMER 


POLYTECHNIC INSTITUTE OF BROOKLYN 
BrRooktyn, New York 


THE PHOTOGRAPHY OF THE RECIPROCAL Lattice. M. J. Buerger, 
Massachusetts Institute of Technology. (ASXRED Mono- 
graph, Number 1.) The American Society for X-ray and Elec- 
tron Diffraction, Cambridge, Mass., 1944. ix + 87 pp. 18 
figs. 15.5 X 23.5cem. $1.50. 

“The theory of photographing the reciprocal lattice without 
distortion is briefly discussed, and then applied to a novel 
method in which diffraction is caused to occur by an unusual mo- 
tion of the crystal in a beam of monochromatic x-radiation. In 
this method, a rational direction of the crystal is caused to make 
a precessing motion, the crystal being supported at the unmoved 
point of a universal joint. The theory of recording the recipro- 
cal lattice while utilizing this motion is discussed, and an instru- 
ment for taking such precession photographs is described.” 


ADDENDUM TO THE CHEMISTRY OF THE AMINO ACIDS AND PrRo- 
TEINS. Edited by Carl L. A. Schmidt, Professor of Biochemis- 
try and Dean of the College of Pharmacy, University of Cali- 
fornia. Charles C Thomas, Publisher, Springfield, Illinois, 
1943. xii + 1035-1290 pp. 41 figs. 32 tables. 16 X 25cm. 
$5.00. 

Rather than to attempt a revised edition of the basic volume, 
this smaller addendum was decided upon, which brings knowledge 
in this field up to date from 1937. A collaboration by 12 contri- 
butors follows the chapter headings and continues the page num- 
bering of the original volume, to which it would seem to be a nec- 


essary addition. 


ALIGNMENT CHARTS: CONSTRUCTION AND Use. Maurice Kratt- 
chik, Professor of Mathematics, New School for Social Re- 
search, New York. D. Van Nostrand Company, Inc., New 
York, 1944. 94pp. 43 figs. 15 X 28cm. $2.50. 

A nomographic chart is described as a diagram, or combination 
of diagrams, for the representation of a mathematical law. One 
simple example is the ordinary type of ‘‘curve’’ or Cartesian co- 
ordinates representing a function of two variables; another is the 
ever useful slide rule. Less familiar are the alignment charts dis- 
cussed in this book, by which more complicated functions—of 
other or more variables—may be represented graphically. 





Sydney Young (1857-1937) 
(See page 211) 
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Guaranteed Vacuum We | C h ‘ 
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Free Air Capacity DUO-SEAL 
33.4 Liters Per Minute ons 


Greater free-air capacity and 
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Oil Required--650 ml Duo-Seal Oil. 


DUO-SEAL PUMP, Motor Driven. Vacuum to 
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Also supplied with a larger motor giving 57 liters Operation 
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1516 Sedgwick Street Chicago 10, Illinois, U.S.A. 
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Editors Outleoh 


OT yet, as this is being written, has the country 
recovered from its shock at the death of the 
President. The sudden and unfortunate loss of the 
military and political leader of the country makes us 
pause to consider just what leadership means in a land 
like ours. 

Not iong ago General Marshall advised that the 
surest way to shorten the war with Germany would be 
to bring about the death of Hitler. The morale and 
resistant will of his country are so completely centered 
in his personality and prestige that his removal from the 
scene would result in rapid collapse. The contrast of 
this possibility with our own recent loss shows the 
great difference between the quality of leadership in a 
truly democratic land on the one hand and in a totali- 
tarian one on the other. 

Not a soldier will lay down his arms because of the 
death of the Commander in Chief, not a single battle- 
ship will bank its fires, nor any gun be silent. Nor will 
the continuance of every activity, military and civilian, 
be a mark of disrespect or a sign of our failure to love 
and revere the memory of a great man. The roots of 
leadership in a democracy are planted wide and deep 
into the lives and minds of all the people, big and little, 
throughout the land. 

Leadership is not a pair of reins which, dropped by 
one hand, are picked up by another; rather it is a 


breath arising up from the whole country, requiring but 
a proper organ to make it vocal. Without the breath 
blowing strong no lips can issue forth a sound. In that 
sense, leadership in this country does not die. 

“Fiihrer’”’ and ‘duce,’ although translated into 
“leader,” have each—in the significance which has 
become attached to them—a far different meaning 
from the one we imply. By us, a leader is chosen to 
express our will, not to find the path for us. We would 
rather lose ourselves in the dark by-ways than be 
driven to glory. That is something which it is hard for 
our national critics to understand. 

Our recent Past President has made a profound im- 
pression on the history of the country. He has had 
many opponents to the measures he advocated, but 
there is no reason to question the fact that on the whole 
he has expressed the will of the majority. Otherwise he 
would not have been so long our leader. There can be 
nothing personal about it. 

Length of service makes machinery rusty and creaky 
—even governmental machinery. The workings of our 
democratic process can now show themselves. In this 
country we are not ruled; in the totalitarian sense we 
are not Jed. The source of governmental power—and 
leadership—are in the will of the American people, and 
that will never die. 


Bost? uni 
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Whats Been Going On 


New Flame-Resistant Plastic Announced 
By General Electric 


| age development for the Navy of a plastic, combining the 
qualities of fire- plus shock-resistance. and easy molding 
properties is announced by General Electric. 

Intensive research begun in the company’s plastic laboratory 
at the request of the Navy Department, which organized an in- 
dustry committee to study the problem of developing such a 
plastic material, has produced a product that can withstand fire 
and its resultant toxic effects during battle action, as well as the 
concussions and vibrations of battlewagon broadsides. 

Modern war, fought at great distances from supply ports and 
with widespread use of new, powerful, and incendiary explosives, 
revealed the need for changes in ship design. The stresses and 
strains of battle action set the standard for the Navy specifica- 
tions of the material which G-E engineers and chemists sought. 
The specifications called for a plastic that was relatively fire- 
resistant and nontoxic, and had good electrical properties, high 
impact strength, and easy moldability. 

The laboratory men, working with Dr. Howard W. Haggard of 
Yale University, learned that it was impossible to use any ap- 
preciable amount of organic filler in a laminated plastic or 
molding compound to fit these specifications, regardless of what 
kind of resins were used, without obtaining a material that gave 
off toxic gases fatal to human beings, depending on several fac- 
tors including the size of the room and length of burning. 

The chemists then turned to the use of inorganic filler-type of 
materials, such as asbestos and glass. At the end of the long 
research road they selected asbestos as the type of inorganic filler 
they wanted because it embodied all of the specifications—rela- 
tive high flame-resistance, low toxicity, easy moldability, and 
shock resistance. 

The researchers then bound the asbestos fibers together with 
certain phenolic resins to make a series of plastics with various 
shock resistances. 

Glass, the other inorganic material, is used in another plastic 
development for the Navy. This type of plastic is used as panel 
board on ships. It is made by bonding layers of glass cloth to- 
gether with melamine resin in high-pressure presses. 


Glass Tanks 
HORTLY after the stunning news of Pearl Harbor, a large 


Eastern concern, unable to get replacements for a battery of 
tanks which had been corroded by acids, asked Pittsburgh Plate 


Glass Company if glass replacements could be furnished for the 
emergency. Because of its brittleness glass in tanks had never 
been used extensively for industrial applications. With the 
perfection of the Herculite process by Pittsburgh, strength 
against breakage was boosted by four or five times. 

Hence, with the manufacture of the first all-glass tank by the 
new heat treating process about 18 months ago, the answer was 
found to the need for industrial tanks where corrosive solutions 
posed a maintenance problem. With the exception of hydro- 
fluoric acid and hot caustic, glass is impervious to acids which 
destroy every other type of material used in tanks. The eventual 
breakdown of tanks of other materials has been accepted as an 
inevitable plant problem. This difficulty is entirely overcome 
by the use of tanks made of glass. 

Glass tanks have now been installed in several hundred plants 
and pharmaceutical houses and in steel mills. These tanks 
stand an instantaneous temperature shock of 400 degrees Fahren- 
heit and continuous working temperatures of from 500 to 600 
degrees. Pickling and plating solutions rarely are over 250 
degrees. 

The Herculite glass shows great resistance to impact. A 
piece 12 inches square and three-quarters of an inch thick, sup- 
ported only at the edges, will withstand, without cracking, the 
shock of having a 5-inch duck-pin ball dropped on it from a 
height of 26 feet. 

Two types of glass tanks are being produced by Pittsburgh 
Plate. One is made entirely of either opaque or transparent 
glass five-eighths to one and one-fourth inches thick depending 
on service requirements. The side walls are grooved to take 
gaskets of impregnated glass cloth at the joints and the tanks are 
held together by noncorrosive metal tie rods. The bottom has an 
inner or secondary lining of Herculite. The maximum inside 
size of such tanks is eight feet long by five feet ten inches wide 
and five feet deep. 

The other type has a one-half inch glass lining inside a steel 
shell and is used where larger tanks are required. The glass is 
held away from the outer shell by spacers which are designed to 
put pressure on the joints. The space between the glass and the 
outer shell contains a continuous acid-resistant membrane ap- 
plied by a special process. The theoretical maximum size of 
glass tanks of this type is limited by the size in which the glass 
plates can be made. This is usually nine feet by six feet by five 
feet. 

Pyrex drains are provided for severe corrosive conditions. 
Tanks also have been installed with glass hoods for removing 
fumes and with heating units known as candle heaters. All the 
metal parts of these heating units are inclosed in glass. 


SUMMER COURSES AT THE UNIVERSITY OF PITTSBURGH 


The customary eight-week summer session in the University of Pittsburgh has 
been replaced by a twelve-week summer session beginning June 25. Full-year courses 
will again be offered. During the first six weeks, first- and second-semester Inorganic 
Chemistry, first- and second-semester Organic Chemistry, first-semester Analytical 


Chemistry, and first-semester Physical Chemistry will be given. 


During the second 


six weeks beginning August 6, second-semester Inorganic Chemistry, first- and second- 
semester Organic Chemistry, second-semester Analytical Chemistry, and second- 
semester Physical Chemistry will be offered. Each six-week course carries four credits, 
except Physical Chemistry which is a three-credit course. / 

In addition to’ these basic courses, “‘“Fundamentals of Nutrition,’? a two-credit 
undergraduate lecture course, will be offered during the first six weeks. 

Graduate courses listed include Advanced Organic Chemistry, Organic Prepara- 


tions, Advanced Physical Chemistry, and Analytical Instrumentation. 


cover a semester’s work in twelve weeks. 


These courses 
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Sydney Young (1857-1937) 


RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 


" LESSED is the nation that has no history.” The 
life of Sydney Young contained no dramatic 
episodes. Day by day he pursued his activities, whose 
even tenor was broken only by the pleasurable excite- 
ment incident to the completion of a satisfactory ex- 
perimental problem or the publication of a worth-while 
paper or book. A skilled manipulator, a lucid and 
logical thinker, a conscientious and meticulous worker, 
a far-seeing and fertile imagination—these were some 
of the factors that made him one of the most dis- 
tinguished physical chemists of his generation. 

Sydney Young was born on December 29, 1857, at 
Farnsworth, Lancashire. His father, a Liverpool 
merchant, was in comfortable circumstances and pro- 
vided his son with a good private education. His chem- 
ical training was begun at nearby Owens College (Man- 
chester), continued at Strasbourg, and then at the Uni- 
versity of London, where he received his Sc.D. in 1883. 

In 1882, Young was appointed Lecturer and Demon- 
strator at University College, Bristol. His superior 
was Ramsay, who invited Young to collaborate in his 
studies of the change of state of solids and liquids. This 
partnership, in 5 years, produced more than 30 joint 
papers, -and is commemorated in the well-known 
Ramsay- Young rule. 

In 1887, Ramsay succeeded Williamson at Uni- 
versity College, London, and Young was appointed 
to the Chair of Chemistry at Bristol. Young con- 
tinued to work along similar lines of research, studying 
particularly the vapor pressures, specific volumes, and 
critical constants of a series of pure liquids. He 
recognized, of course, the folly of making accurate 
measurements on materials of doubtful purity, and the 
care and labor which he expended in purifying his sam- 
ples, as well as the delicacy and fundamental soundness 
of his measurements, led to findings that are still ac- 
cepted as of a high order of excellence. Timmermans, 
the Belgian authority on constants of pure compounds, 
wrote: ‘The perfect balance of all.the factors involved 
in the precision of the final results makes such work a 
model of scientific probity. The attentive study of the 
publications of Sydney Young will always be a most 
useful school for all those who wish to put out work of 
permanent value on the determination of the true 
constants of pure organic compounds.”’ 

The difficulties Young encountered in separating 
materials, especially in isolating pure hydrocarbons 
from petroleum by fractional distillation, led him to 
make a careful study of the whole process. He de- 
vised new methods of fractionation and invented ex- 
cellent equipment. His skill as a glass blower en- 
abled him to construct various.forms: of still. heads, 


whose performance he carefully compared. He be- 
came an international authority in this field and 
summed up his experiences first in the article ‘‘Distil- 
lation” in Thorpe’s “‘Dictionary of Applied Chemistry,” 
and then in his own ‘Fractional Distillation’ (1903). 
The second edition (1922) was called ‘Distillation 
Principles and Processes” and contained invited chap- 
ters by six experts on industrial applications. The 
preface stated that the book was written “‘in the hope 
that it would be of assistance to chemists in over- 
coming the difficulties so frequently met with in the 
laboratory, not only in carrying out of the fractional 
distillation of a simple mixture but also in the inter- 
pretation of the results obtained.” 

Besides his important and numerous studies on the 
equation of state of liquids, the equilibrium between the 
phases of pure materials, the relation of physical prop- 
erties and chemical constitution, etc., Young also dis- 
covered new azeotropic mixtures. Particularly im- 
portant were the ternary mixtures of the lower alcohols, 
benzene or n-hexane, and water. These systems were 
the basis of his very useful method of preparing ab- 
solute ethyl alcohol, now a commercial procedure. 

In 1903 Young was called to head the chemistry de- 
partment at Trinity College, Dublin. Though this 
was an advancement for him, it resulted in a loss to the 
progress of chemical knowledge. So much teaching 
and administrative work was put on Young that the 
broad stream of papers (over 100 in 21 years) shrank 
toa trickle. However, his accumulated knowledge and 
wide experience were drawn on not only in his books 
on distillation, but also in his ‘‘Stoichiometry’’ (1908), 
which had a second edition in 1918. 

He was a successful teacher. Bailey described him 
as ‘‘a professor, who lectured with extreme clarity, 
who illustrated his lectures by blackboard drawings, 
which were the work of an artist (as indeed he was) and 
who, above all, set an example of old-world courtesy, 
which made the deepest impression on those who ex- 
perienced it.” 

On his retirement in 1928, Professor Young received 
an address from more than 200 friends, former pupils, 
and admirers of his work from all over the world. In 
1933, he received a special letter of commendation 
from the Petroleum Division of the American Chemical 
Society for the excellent work he had done many 
years before on the separation of hydrocarbons and 
the determination of their physical constants. The 
usual honors came to him in full measure. Much of 
his leisure after retirement was spent at his favorite 
hobby of gardening. He died at his home near Bristol 
on April 9, 1937. 
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A Lost Centenary: Lassaigne’s Test for Nitrogen 
The Identification of Nitrogen, Sulfur, and Halogens in Organic Compounds 


S. HORWOOD TUCKER 


The University, Glasgow, Scotland 


TUDENTS of chemistry have just missed an im- 

portant centenary; for, 101 years ago (1843) 
Lassaigne (1, 2) discovered that organic matter con- 
taining nitrogeneous constituents on fusion with potas- 
sium gave potassium cyanide, which he identified by 
treating the alkaline cyanide solution with ‘‘sulfate 
ferroso-ferrique” followed by hydrochloric acid solu- 
tion, thereby producing a deep blue precipitate of 
ferric ferrocyanide (Prussian blue). 

This simple test has stood the greater test of time, 
with practically no major change, for over a century. 
Attempts were made at an early date to “improve’’ it, 
but with no success. Thus, Jacobsen (3), who seems 
to have introduced the use of sodium in place of potas- 
sium, tried to increase the sensitivity of the test by 
adding iron powder to the fusion mixture. Results 
indeed improved, but a kill-joy named Tauber (4) 
pointed out that improvement could be expected, since 
heated iron takes up nitrogen from the air! Tauber 
concluded that iron must therefore be excluded unless 
fusion is conducted in an inert atmosphere. The 
method was, however, reintroduced recently (1937) by 
Robertson (5), who added a small quantity of iron 
(primarily to remove sulfur) and claimed that under the 
conditions of his test the iron does not take up nitrogen 
from the air, but aids in forming ferrocyanide in the 
melt (instead of in the solution subsequently obtained). 
Since, however, he performed the fusion in the cus- 
tomary open tube, and took no precaution to exclude 
air, the method is open to question. 

It has been stated (6) that the Lassaigne test for 
nitrogen fails when the compounds lose nitrogen at com- 
paratively low temperatures, e. g., with diazo com- 
pounds (7). It was also said to fail with pyrrole 
derivatives (8). But Kehrer (9) who introduced an im- 
proved method of heating—namely, passing the 
vaporized compound over molten sodium—found that 
pyrroles and other refractory compounds gave positive 
results. Miceli (10) following the same principle, 
passed the vapor of the compound over molten sodium 
supported by means of glass wool in the upper part of a 
test tube. 

Fischer’s (8) objection to the Lassaigne test for nitro- 
gen in pyrroles is not so much to its unreliability with 
pyrroles as to its insensitiveness; but since he is re- 
ferring to tests carried out with 3 mg. of substance his 
objection need not be taken too seriously. Doubtless, 
as he says, a micro-Dumas (Pregl) estimation for nitro- 
gen which is quantitative, and so necessarily qualita- 
tive also, is preferable; but whilst every soldier carries 


a marshal’s baton in his knapsack, very few chemists 
possess a portable ‘‘micro-Dumas.” 

It has been found as a result of researches on qualita- 
tive tests for, and quantitative estimation of, small 
quantities of cyanides that the original method of 
Lassaigne can profitably be simplified: e. g., Berl and 
Delpy (11) merely added a ferrous sulfate solution to 
the alkaline cyanide solution, allowed the mixture to 
stand for 10 minutes, boiled for several minutes, and 
then acidified with hydrochloric acid. Viehoever and 
Johns (12) worked similarly in determining small 
quantities of hydrocyanic acid. They showed that 
addition of ferric chloride is not only unnecessary, since 
atmospheric oxidation of the ferrous sulfate readily 
produces all the ferric iron required, but that ferric 
chloride imparts a green shade to Prussian blue and is 
otherwise detrimental. Consequently, they also re- 
placed hydrochloric acid, in the final acidification, by 
sulfuric or nitric acid, thus again avoiding vitiation of 
the color by yellow ferric chloride. They found that 
addition of potassium fluoride ‘‘hastened the forma- 
tion of Prussian blue” and rendered heating unneces- 
sary; but in the absence of fluoride heating was found 
to be beneficial. In carrying out the Lassaigne test 
several (13, 14) adopt this modification. 

Vohl (1863) (15) appears to have been the first to 
use potassium for the detection of sulfur. He heated 
various oils, at about their boiling points, with potas- 
sium, and tested for any resulting potassium sulfide 
with sodium nitroprusside solution. He also introduced 
the use of sodium in place of potassium. But nowhere 
does he mention Lassaigne or the latter’s method of 
testing for nitrogen. 

It had been pointed out that sulfur masks the forma- 
tion of cyanide by causing formation of sulfocyanide, 
but Graebe (7) demonstrated that this was counter- 
acted if excess of alkali metal was used (NaCNS + 
Na— NaS + NaCN). As already mentioned Robert- 
son (5) used iron powder to remove sulfur. 

Fisher (13) points out that ‘‘sometimes the sulfur in 
organic sulfonates cannot be detected by the sodium 
fusion.” 

With regard to the halogens the simplest test is that 
due to Beilstein (16): a halogen-containing compound 
when ignited on copper oxide imparts a green color to 
the flame. Unfortunately many halogen-free com- 
pounds, e. g., certain pyridines, quinolines, acids, acid 
amides, cyano compounds, etc., also give a green 
coloration. This complication is eliminated by Hay- 
man (17) by vaporizing the compound underneath the 
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heated copper oxide (a Monel metal tube was used). 
Only halogen-containing compounds under such con- 
ditions give the green coloration to the flame. 

Spica (18) utilized the sodium fusion test for nitrogen 
and sulfur as above, and also for the halogens. The 
sodium halides produced in the reaction are identified 
by the well-known methods of inorganic analysis; the 
methods of Mulliken (19) and of Shriner and Fuson 
(20) being simple and reliable. 

Castellana (21) introduced the first essential change 
in the Lassaigne test when he replaced potassium by a 
mixture of magnesium powder and anhydrous potas- 
sium carbonate—a preparation of potassium in situ. 
But it was pointed out by Flieringa (22) that this 
mixture when heated absorbs nitrogen from the air. 
He modified the method by incorporating hydrated 
sodium carbonate, in order to remove air, but rendered 
the test less sensitive thereby. Baker and Barkenbus 
(14) with the same objective—elimination of air—tried 
inter alia, sodium acetate, naphthalene, and para- 
formaldehyde but finally found ether to be most suit- 
able. They increased the sensitivity of the test by 
passing the vapor of the substance over a small amount 
(0.2 g.) of the heated mixture of magnesium and potas- 
sium carbonate previously moistened with ether and 
lying along the side of an inclined test tube stoppered 
with glass wool. 

Middleton (23) replaced the magnesium-potassium 
carbonate mixture by zinc dust and anhydrous sodium 
carbonate (with a limited number of substances, sucrose 
and sodium carbonate answers the purpose) without 
any complication arising, since zinc does not combine 
with atmospheric nitrogen. Results are uniformly 
good, especially with compounds containing sulfur. 

The writer finds, however, that although the above 
magnesium or zinc and carbonate methods appear 
simple, a considerable amount of skill is required in 
practice. Thus in Middleton’s test preliminary heating 
of the zinc and sodium carbonate portion often affects 
its projection from the tube; furthermore, on plung- 
ing the hot tube into water reaction is often violent. In 
Baker and Barkenbus’ method the use of ether by stu- 
dents is apt to bé dangerous, although the authors say 
that according to their experience it has not proved to 
be so. 

On the other hand our experience in these laboratories 
has been that for student purposes the original Lassaigne 
test, modified in most of its details, is simple, quick, 
safe, and reliable. It is realized that most of the modi- 
fications are not new (cf. 12, 13, 19, 20, 24, 25). 


THE SODIUM FUSION TEST FOR NITROGEN, SULFUR, AND 
HALOGENS 
(See Notes A, B, and C) 

Place a cube (3 mm. = 0.03 g.) (Note D) of freshly 
cut sodium at the bottom of a small glass tube (60 X 
7 mm. test tube). Support the tube in a clamp or ina 
holed asbestos board, so as to have the hands free. 
Place the substance (0.02 g.) (Note E) on a spatula 
(or tip of a knife blade), and then arrange the Bunsen 
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burner, turned low, under the tube so that the sodium 
melts. Immediately drop the substance portionwise 
from the spatula directly on to the molten sodium. 
(If the substance is a liquid dip a ‘‘melting-point”’ 
capillary tube, open at Joth ends, into it; insert the 
filled end into the reaction tube, then, by jerking, drop 
three or four droplets on the molten sodium.) Remove 
the tube from its support and heat at first carefully 
then strongly, rotating the tube until all excess sodium 
has combined with the glass and the whole end of the 
tube is a red-hot mass. Plunge the red-hot tube into 
water (2 ml.) contained in a test tube (150 X 20 mm.) 
(Note F). Filter the hot solution (using preferably a 
small filter funnel of the Hirsch or sintered glass type 
and suction, for speed and to avoid dilution of the small 
bulk of solution by washings), boil the residue with 
more water (2 ml.), filter, and test the combined filtrate 
(X), which should be water-clear and alkaline, for the 
elements: 

Nitrogen. Pour a portion (1 to 2 ml.) of the solution 
(X) into a test tube containing powdered ferrous sulfate 
(0.1 g.) (Notes G, H); heat the mixture gently, with 
shaking, until the solution boils, then, without cooling, 
acidify with dilute sulfuric acid (Note J). A Prussian 
blue precipitate or coloration proves that nitrogen. is 
present. 

Sulfur. (a) A drop of the solution (X) placed on 
silver foil or a silver coin (cleaned of grease by ammonia 
or an organic solvent) will give a brown stain if sulfur 
is present. 

(b) Addition of sodium nitroprusside to a diluted 
drop of the solution (X) will give a purple coloration if 
sulfur is present. 

Halogens. (a) General test for presence of halogens: 
Beilstein test (Note I): Heat a piece of copper gauze 
(or a looped wire) until it imparts no green coloration 
to the Bunsen flame. When the gauze is cold place a 
few crystals (or drops) of the substance upon it and re- 
insert in the flame (if the wire is used it should be dipped 
whilst hot into the substance, to ensure adherence of 
particles). A green coloration indicates that halogen 
may be present; but since certain compounds which do 
not contain halogen also respond as above it is ad- 
visable as a confirmatory test to vaporize the substance 
on a copper-free spatula held a few centimeters under- 
neath the oxidized copper gauze. A green coloration 
above the gauze is evidence of the presence of halogen. 

(b) Specific test for halogens: When one or more 
halogens may be present they may be identified thus: 
Acidify the solution (X) (2 ml. or more) with moderate 
excess of glacial acetic acid. If nitrogen or sulfur has 
been shown to be present, boil the solution (Note K), 
cool, and to a portion add a drop of carbon tetrachloride 
and solid sodium nitrite: if iodine is present it will 
color the carbon tetrachloride reddish violet (Note L). 
If such is the case treat the rest of the acid solution with 
a small amount of sodium nitrite, just sufficient to 
liberate all the iodine; remove the iodine by extraction 
with carbon tetrachloride until the last extract is 
colorless. (To ensure that all iodide has been de- 
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composed add another small amount of nitrite, warm, 
and shake—the carbon tetrachloride should remain 
colorless.) Boil the acid solution until no more nitrous 
fumes are evolved, cool. To a portion add a small 
amount of lead dioxide (Note M), place a strip of 
fluorescein paper across the mouth of the test tube, and 
warm the solution. If bromine is present it will color 
the strip pink (eosin) (Note NV). In such case add lead 
dioxide to the main bulk of the acid solution and boil 
until all bromine is driven off (fluorescein test). Filter, 
to remove unreacted lead dioxide, then add silver 
nitrate solution—a white or gray precipitate, insoluble 
in concentrated nitric acid, but soluble in ammonia 
solution proves the presence of chlorine. 

It may be worth while to mention a simple method 
which the writer finds reliable in the hands of students, 
for the identification of halogens when it is known that 
one halogen only may be present: Add silver nitrate 
in slight excess to the alkaline solution (X) (1 to 2 ml.): 
a black precipitate (AgOH, etc.) will be produced 
(Note O). Add excess of concentrated nitric acid, 
and warm the mixture. If nitrogen and sulfur are 
present in the substance hydrogen cyanide and hydro- 
gen sulfide should be detectable by smell. Boil the 
mixture. If no precipitate survives, halogen is absent; 
but if a heavy, flocculent, white or yellow precipitate 
remains decant the supernatant liquid, add to the pre- 
cipitate more concentrated nitric acid, and again boil 
the mixture (one to two minutes) until there is no 
longer any smell of hydrogen cyanide or of hydrogen 
sulfide. If a precipitate remains it is silver halide 
(Note O) and may be examined thus: decant the 
liquor from the silver halide, wash with water by de- 
cantation, and treat the precipitate with concentrated 
ammonia solution—if the precipitate is white and 
easily soluble in the ammonia solution then chlorine is 
present, if pale yellow and difficultly soluble then 
bromine is present, if yellow and insoluble then iodine is 
present. 


NOTES 


(A) Substances on fusion with sodium give 


NaCN if N is present, 
NaS if S is present, 
NaCl (NaBr, Nal) if Cl (Br, I) is present. 
In the nitrogen test, the NaCN solution is treated with ferrous 
sulfate and so forms sodium ferrocyanide 


6NaCN + FeSO, = NayFe(CN)s + Na2SO, 


The ferrocyanide then reacts with ferric salt—inevitably 
produced by the action of air on the boiling alkaline ferrous salt 
solution—producing ferric ferrocyanide (Prussian blue) which is 
precipitated on addition of slight excess of dilute sulfuric acid 
(ferrous and ferric hydroxides simultaneously dissolving) : 


3Na,Fe(CN). + 2Fe2(SO,)3 = Fe,[Fe(CN)e]s + 6Na2SO, 


Separate addition of ferric salt, e. g., the chloride, is unneces- 
sary, and in fact detrimental. Addition of potassium fluoride may 
be advantageous. 

(B) When performing this test the glass screen of the hood 
should always be kept between experimenter and experiment, 
since any unattacked Na may explode when it comes into con- 
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tact with water; but if the test is carried out as described there 
should be no free sodium. 

(C) Polynitro compounds explode on coming into contact 
with molten sodium; but if the technique of adding a few crys- 
tals at a time is followed, as described, even picric acid and 
2:4:6-trinitrotoluene can be safely submitted to the test. 

Carbon tetrachloride and chloroform react without explosion 
(26). 

(D) The student will find it worth while to keep at hand a 3- 
mm. cube of rubber (e. g.), for comparison of size when cutting 
the cube of sodium. 

(EZ) Students should weigh this amount (0.02 g.) until used 
to the appearance of the ‘“‘bulk’’ of matted hairy flake, or 
prismatic crystals. 

The amount recommended (0.02 g.) may be considered an 
upper limit. The writer has obtained excellent results with 2 to 5 
mg. of substances. But, although the quantity of substance 
being tested may be reduced, the student is advised to adhere to 
the other weights and measures given, without corresponding re- 
ductions. 

When more than one halogen is present, and a separation is 
therefore necessary, it is inadvisable to use less than 0.02 g. of 
substance. 

(F) The reaction is vigorous, but not violent, if care has been 
taken to fuse the excess sodium into the glass. 

It is quite unnecessary to use more than 2 ml. of water. The 
larger quantities, almost invariably recommended, reduce the 
concentration of solutions being subsequently tested. 

(G) Powdered ferrous sulfate loosely heaped on a 1-cm. 
square weighs from 0.10 to 0.15 g. 

The writer finds that the amount of the Prussian blue pre- 
cipitate is related to the amount of ferrous sulfate used; the 
apparently excessive amount recommended is necessary for pro- 
duction of a deep blue. 

(H) If sulfur is present, addition of ferrous sulfate gives a 
black precipitate of ferrous sulfide. In such case note evolution 
of hydrogen sulfide when, later, dilute sulfuric acid is added; 
as also in the test for halogens, when nitric acid is added (— H:S 
+S). 

If sulfur and nitrogen are both present sodium thiocyanate, 
NaCNS, may be produced: in the test for nitrogen it may give a 
red coloration with ferric ion but no Prussian blue since there will 
be no freecyanideion. Ifthe relative quantities of substance and 
sodium are as recommended sodium will be in excess and thio- 
cyanate will be destroyed, if formed, according to the equation 


NaCNS + Na = NaS + NaCN 


If necessary repeat the sodium fusion using relatively less of 
the substance being tested (see £). 

(I) Hydrochloric acid should not be used since the yellow 
color, due to ferric chloride formed, causes the Prussian blue to 
appear greenish. 

(J) Certain halogen-free compounds, when heated on copper 
oxide, impart a green coloration to the flame, e. g., certain pyri- 
dines, quinolines, acids, acid amides (urea), cyano compounds, 
etc.; but there is no coloration of the flame if these are vaporized 
underneath the heated copper oxide. 

(K) Hydrogen cyanide must be expelled since it combines 
with halogens: 


HCN + 1: =ICN + HI 


(L) 
2NalI + 2NaNO, + 4CH;COOH = I; + 2NO + 4CH;COONa + 
2H:0 
(M) 


2NaBr + PbO. + 4CH;COOH = Brz + (CH:COO).Pb + 


2CH;COONa + 2H,O0 


Lead dioxide in acetic acid solution gives lead tetraacetate 
which decomposes hydrogen bromide (and also hydrogen iodide) 
but has. practically no effect under these experimental conditions 
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on hydrogen chloride. Persulfates are often recommended in 
place of the lead dioxide used above, but in the sulfuric acid 
solution in which they are used they react with hydrogen chloride, 
and accordingly, if the last is present in small amount it may be 
completely destroyed. 

(N) Fluorescein paper is prepared by dipping filter paper into 
a dilute solution of fluorescein in ethanol; it dries rapidly, and is 
then ready for use. Fluorescein (yellow sodium salt) reacts 
with bromine to give eosin (pink sodium salt). 

Br Br 
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B 
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(QO) If nitrogen and sulfur, as well as halogens, are present 
in the substance being examined, the addition of silver nitrate to 
the alkaline solution (X) will give a black precipitate containing 
AgCN, AgeS, AgCl (AgBr, AgI), and AgOH. Boiling concen- 
trated nitric acid dissolves AgCN (— AgNO; + HCN), AgeS 
(— HeS + S), and AgOH, but the silver halides are unattacked 
and remain as white or yellow precipitates. 

The method usually recommended for removal of hydrogen 
cyanide from the solution (X) is to acidify with dilute nitric 
acid, and then boil the solution; but this procedure can effect 
removal of hydrogen halides by vaporization and oxidation. 
The writer has therefore intreduced the method of fixing the 
halides (as AgCl, etc.) by addition of silver nitrate previous to 
boiling with concentrated nitric acid. 





Among a large number of compounds tested the 
following have given positive results in tests for ele- 
ments other than C, H, and O: pyridine, diphenyl- 
amine, diazoacetic ester, pyrrole, picric acid, 2:4:6- 
trinitrotoluene, S-benzylthiuronium chloride, potas- 
sium 3-nitro-4-chlorobenzene sulfonate, vitamin By, 
(aneurin, thiamin), ethyl bromide, chloro- and bromo- 
benzene, chloranil, trichloroacetonitrile, carbazole-3- 
diazonium chloride, o-bromonitrobenzene, -chloro- 
nitrobenzene, etc. 

In the test with vitamin B, the amount used was 3 mg. 
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@ The Bureau of Audio-Visual Aids, of Indiana Univer- 
sity, Bloomington, Indiana, issues a regular, bulletin. 
Number 5 of volume 5, which appeared recently, con- 
tains a report on the most widely used films. In the 


field of chemistry, those which led were ‘“‘The Molecular 
Theory of Matter,” and “The Story of Dr. Carver.”’ 
“Electrons,” ‘“Earth’s Rocky Crust,’ and “Velocity 
of Chemical Reactions” followed in that order. 































































Strategic Minerals of New England 


ALONZO QUINN 


LTHOUGH bountifully endowed with many 

mineral resources, the United States has an 
insufficient supply of a number of minerals necessary 
for the successful prosecution of war. Those minerals 
which cannot readily be obtained in adequate quantity 
or quality from domestic sources are termed ‘‘strategic 
minerals.’”’ They constitute a wartime problem whose 
solution may be found in one or more of the following 
ways: (1) finding new deposits; (2) more efficient 
mining or milling of known low-grade ores; (3) sub- 
sidizing the working of low-grade deposits; (4) re- 
striction of civilian use; (5) more efficient technology 
in the use of material; and (6) development of sub- 
stitutes. All of these methods have been used during 
World War II in developing an eminently successful 
strategic minerals program. 

Even before the United States became involved in 
war, the United States Geological Survey and the 
United States Bureau of Mines in cooperation with 
several State agencies instituted a vast program of 
finding and developing new deposits of strategic 
minerals. The present paper briefly describes some 
of the methods of-exploration used by these government 
agencies and by private business in the New England 
States. Four mineral substances—copper, manganese, 
tungsten, and mica—have been chosen to illustrate 
the methods of exploration, although several other 
minerals have been produced or sought in this area. 
The total output of New England has, of course, been 
small compared to that of the whole country and com- 
pared to other contributions the New England area 
has made toward winning the war. 


COPPER 


After a lapse of several years Vermont is once again 
producing copper from a group of chalcopyrite, 
(CuFeS.) deposits including the Ely lode in Vershire 
the Pike Hill deposit of Corinth, and the Elizabeth 
mine of South Strafford. Present operations are at the 
Elizabeth deposit which has been worked at various 
times since its discovery in 1793. The current mining 
was undertaken after a detailed geological examination 
of surface exposures of the bedrock by the Geological 
Survey and a thorough program of core drilling by the 
Bureau of Mines.' On the basis of these results the 
mine was opened and a mill constructed for the con- 
centration of the ore. Production figures are not being 
published, but Jacobs? has reported that plans for the 
mine indicate an expected daily output of 500 tons of 

1 U.S. Bureau or Mines, The Elizabeth Mine, Orange County, 
Vermont, War Minerals Report No. 2, 1942. 


2 Jacoss, E. C., Reopening of the Vermont Copper Mines, 
Report of the State Geologist of Vermont, 1941-1942, pp. 1-16. 
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60 tons of concentrate containing 25 to 30 per cent 
copper. 


MANGANESE 


The rich oxide ores from Russia normally supply 
our steel industry with much of its needs of manganese. 
During this war, however, it has been necessary to 
obtain most of our manganese from other foreign 
deposits and from the inadequate domestic deposits. 

Among the many small manganese deposits of this 
country is that at Plainfield, Massachusetts, which 
consists of a mixture of carbonates (rhodochrosite, 
MnCO;) and silicates (rhodonite, MnSiO;, tephroite 
MnpSiOQ,, etc.). The low tenor of this ore, reported 
to be about 20 per cent manganese,* makes it suitable 
only for certain purposes, such as a flux in the making 
of manganese pig iron, but the use of this material 
releases the higher grade ores for more exacting use. 
This deposit was also given a careful surface study by 
the Geological Survey and core drilled by the Bureau of 
Mines. Geophysical methods have been suggested 
as a means of discovering whether other similar de- 
posits may be hidden by the thick mantle of glacial 
drift. 

The complicated geologic structure and the great 
variety of minerals make this an especially interesting 
deposit. 

The last production figures published give the 
following amounts as having been produced by the 
Taconic Mine at Plainfield, Massachusetts: 1938, 230 
long tons; 1939, 649 long tons; 1940, 1900 long tons, 
1941, 4000 long tons.‘ 






TUNGSTEN 


No tungsten is being produced in New England, but 
it is discussed here because of the unusual method of 
prospecting used unsuccessfully here and successfully 
in the western states. 

The chief tungsten ore mineral in China and Burma, 
the main producers, is wolframite, (FeMn)WO,, 
a heavy dark mineral which is very easy to detect 
by sight. The most abundant tungsten ore mineral 
in this country is scheelite, CaWQ,, which is very difli- 
cult to detect by sight because it resembles its asso- 
ciated minerals. Fortunately, this difficulty is obviated 
by the fact that scheelite fluoresces. The resulting very 
easy method of prospecting has been used widely and 


successfully. Likely places are discovered by daytime 


aad Yearbook for 1941,’’ U. S. Bureau of Mines, 1943, 


p. : 
a Yearbook for 1941,’’ U. S. Bureau of Mines, 1943, 
p. i 
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searches and then examined by night with a portable 
ultraviolet light (about 2537 angstroms). Not only 
does the scheelite glow brilliantly, but the color in- 
dicates whether it has the normal amount of tungsten 
(bluish fluorescence) or whether some of the tungsten 
is replaced by molybdenum (yellowish fluorescence). 
The vicinity of Trumbull in Connecticut, Copper Mine 
Hill in Rhode Island, and a number of other places 
were found to have low-grade and small deposits of 
scheelite, but larger and richer deposits were found in 
California, Nevada, and Idaho. 


MICA 


Mica has a most remarkable combination of proper- 
ties which make it indispensable in wartime and which 
have not yet been duplicated by any other substance. 
It has unusually great electrical resistance, can with- 
stand high temperature, is not affected by water or 
most acids, has a pronounced cleavage, is tough and 
elastic, is transparent, and can easily be cut or punched 
into desired shapes. The greatly expanded use of 
electrical equipment at a time when our chief source, 
India, was threatened made it imperative that we find 
other sources. New England had long produced a 
small amount of mica, so it was one of the areas pros- 
pected. 

The main commercial occurrence of mica is in peg- 
matite deposits. These are the result of crystallization 
of the last aqueous juices of a great body of granitic 
liquid a half-mile or deeper within the earth. These 
watery juices differ from the parent granite liquid by 
their ability to produce crystals so coarse that large 
sheets of mica may be recovered. The resulting 
pegmatite rock may consist almost entirely of feldspars, 
quartz, and micas, the same minerals as in granite, or 
it may have concentrated within it many rare sub- 
stances which had been widely dispersed in the granitic 
liquid. The latter type of pegmatite may have, in 
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addition to the usual minerals, beryllium, boron, 
lithium, caesium, columbium, tantalum, and many 
other rare substances. A consequence of the origin of 
the pegmatite deposits is that they are commonly, 
although not always, irregular in shape and of small 
size. Much of the prospecting must be on a small 
scale. Many a New England hillside was prospectéed 
and considerable mica was recovered from small pits 
opened by farmers in their spare time. The wartime 
program of detailed study and mapping of many peg- 
matite deposits has revealed that the distribution of 
mica is much more systematic than had been supposed. 

Only the clear, sound mica with regular cleavage 
can be used for strategic purposes; much that is stained, 
frayed by weathering, or which has inclusions of iron 
minerals is unsuitable. New testing instruments have 
been developed in an effort to eliminate the guesswork 
from mica testing and this has added to the supply of 
usable mica. An interesting result of the testing of 
mica is the demonstration that, contrary to the pre- 
vious opinion of many mica fabricators, the best do- 
mestic mica is equal to the India mica. The prejudice 
against domestic mica has resulted from the fact that 
cheap and skilled labor in India made it practical to 
grade and prepare mica much better than had usually 
been done in this country. 

A consequence of the combined program of prospect- 
ing for domestic deposits, encouraging the mining of 
mica in foreign countries more accessible than India, 
and the better testing of mica is that our needs have 
been met thus far, but mica has ranked as one of the 
most critical of our mineral needs throughout much of 
the war. 


OTHER STRATEGIC MINERALS 


Other strategic minerals produced or prospected for 
in New England include asbestos, beryllium, fluorite, 
iron, lead, molybdenum, and zinc. 





@ Those interested in the interpretation of the ‘‘Serv- 
icemen’s Readjustment Act of 1944,” under which 
many returning veterans will some time be attend- 
ing our schools and colleges, will find a digest and dis- 
cussion by Charles K. Morse, of the Veteraris Adminis- 
tration, in the February 15 number of Higher Educa- 
tion (published by the U. S. Office of Education). An- 
other very comprehensive discussion of the same sub- 
ject, with the results of several questionnaires and sur- 
veys made to determine the likely future course of 
events, is the subject of Bulletin No. 78, Higher Educa- 
tion and National Defense, February 26, 1944, issued 
by the American Council on Education (744 Jackson 
Place, Washington, D. C.). 


@ The Institute of Makers of Explosives is anxious to 
take some effective steps to point out the dangers in- 
volved in attempts by young persons of high-school age 


to compound explosive mixtures. This effort is 
prompted by the fact that serious, accidents have oc- 
curred in the past as a result of the practice. 

The Institute wishes to ask teachers of chemistry 
for details of such accidents as have come to their 
attention. It is desired to know primarily what 
measures to discourage the practice they have found 
to be most effective. It would also be helpful if they 
would describe the circumstances of any accidents, the 
extent of injuries, and the motives involved in attempt- 
ing such experiments. 

After this information is collected and correlated it 
will be made available to teachers and to others inter- 
ested, and necessary safety measures will be pointed 
out. 

Teachers are asked to send such information to the 
Editor of TH1s JOURNAL, whence it will be turned over 
to the Institute. 






















































Balancing Oxidation-Reduction Equations 


in Organic Chemistry 


CALVIN A. VANDERWERF 


VEN a cursory examination of recent organic 

chemistry textbooks suffices to suggest that 
present-day students are not taught to balance equa- 
tions for such important reactions in organic chemistry 
as the Baeyer test for unsaturation, the oxidation of 
alcohols to aldehydes, acids, or ketones, and the oxida- 
tion of aldehydes to acids. 

Of a total of twelve widely used texts surveyed for 
this report, only two give complete balanced equations 
to illustrate all of the aforementioned types of reactions. 
Of the ten remaining textbooks, five show isolated 
balanced equations for one or two of the types of re- 
actions listed, employing a bracketed oxygen symbol 
(O) in all other cases to indicate that an oxidizing 
agent is used, whereas five use this latter designation 
throughout. In no case are systematic methods for 
balancing any such equations outlined for the student. 

To a modern educator, the argument that drill in 
the balancing of redox equations can be justified solely 
on the grounds that it constitutes a valuable mental 
discipline is indefensible. But there are several valid 
and important reasons for stressing the writing of 
balanced equations to represent reactions involving the 
oxidation of organic compounds. Whenever reagents 
such as oxalic acid are used in the standardization of 
permanganate and ceric sulfate solutions, the ad- 
vantage of a straightforward systematic method, based 
on valid principles, is obvious. 

Most organic oxidations, like other reactions of 
organic compounds, are not quantitative, but in many 
laboratory experiments the maximum yield of the de- 
sired product is obtained and side reactions are avoided 
if a stoichiometric amount of the oxidizing agent is 
used. If, on the other hand, there is a departure in a 
given case from stoichiometric quantities, the student 
should be aware of the fact and should be curious 
concerning the theoretical or practical reasons which 
dictate the change. In any event, the weight relation- 
ships involved can be understood only on the basis of a 
balanced chemical equation. 

The writing of an equation for any redox reaction 
involved in a classification test is essential to a full 
understanding of the chemical changes, and therefore 
the accompanying changes in appearance, which in- 
dicate that the test is positive. Most important, 
however, the use of a mere oxygen symbol to represent 
any and all oxidizing agents tends to encourage students 
in the all too frequent habit of ignoring the importance 
of conditions, reagents, and catalytic agents employed 
in organic reactions. Teachers of organic chemistry 
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realize that eternal vigilance is the price of preventing 
students from writing equations such as these: 
CH;CHO + CH;CHO — CH;CHOHCH2,CHO 
HC=CH + H,0 — CH;CHO 
H,C—=CHy, (O) CH,OHCH.OH 


The casual implication that ethylene reacts with a 
vague form of atomic oxygen to produce ethylene glycol 
falls in the same class with careless presumptions on 
the part of students that bottled acetaldehyde will 
shortly undergo a self-condensation to aldol or that 
acetaldehyde results forthwith when acetylene is 
merely bubbled through water. There is little in the 
previous experience of beginning students in organic 
chemistry which has served to give them an appre- 
ciation of the important role played by experimental 
conditions in determining the success of most organic 
reactions, and, unless this point is constantly em- 
phasized, students are likely to think of these reactions 
as proceeding with the ease and facility of the pre- 
cipitation of silver chloride when silver nitrate and 
sodium chloride solutions are mixed. 

Much of the reluctance exhibited by teachers in 
approaching the balancing of organic redox equations 
is probably due to the persistent sophistry that all 
systematic methods for balancing such equations de- 
pend ultimately upon the notion that, in any redox 
reaction, there is a complete electron transfer in which 
the total electron gain of the molecule reduced must 
equal the total electron loss of the molecule oxidized. 
Thus, it is often implied that the oxidation state 
(valence number) change method of balancing equa- 
tions is valid only because a gain of a single oxidation 
state unit represents a loss of one electron and, con- 
versely, a loss of one unit, a gain of one electron. But 
that argument is untenable when nonionizing linkages 
are involved, for, in such cases, as Lewis! has demon- 
strated, electrons are not completely transferred. 
Indeed, as Remick? has pointed out, ‘‘The concept of 
oxidation-reduction except in complete electron transfer 
can hardly be said to be of any general practical im- 
portance. There seems to be no further necessity for 
distinguishing it from double decomposition.”’ 

There remains, however, the practical problem of 
establishing a sound basis for the balancing of equa- 
tions involving changes in oxidation state without 

1 Lewis, G. N., J. Am. Chem. Soc., 38, 762 (1916). 


2? Remick, A. E., “Electronic Interpretations of Organic 
Chemistry,’’ John Wiley and Sons, Inc., New York, 1943, p. 52. 
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complete electron transfer. It is contrary to the 
nature of the chemistry teacher to defend the de- 
fensible with indefensible methods, and that should 
certainly, as it is in this case, be unnecessary. From 
the practical standpoint, the oxidation state change 
method serves admirably in the balancing of such 
equations, and its validity may be demonstrated in a 
simple, straightforward fashion without resort to false 
assumptions. a 
Consider the general equation: 


aA +6B+cC—+dD+eE+fF + gG 


where the upper case letters may represent compounds 
or free elements. From the rather arbitrary oxidation 
state rules, which assign an oxidation state of zero to 
any element in the free state and dictate that the 
algebraic sum of the oxidation states of all the atoms in 
a molecule is equal to zero, it follows that the algebraic 
sum of the oxidation states of all the atoms on the left- 
hand side of the equation is zero. By the same rules, 
the algebraic sum of the oxidation states of all the 
atoms on the right-hand side of the equation is zero. 

It is therefore a necessary consequence of these rules 
that, if the oxidation state of any atom (or atoms) 
is increased by a total of four units in its change from 
its condition represented on the left-hand side of the 
equation to that on the right-hand side of the equation, 
the oxidation state of some other atom (or atoms) 
must be decreased by a total of four units; 7. e., it 
follows directly from the rules that in any balanced 
equation the total gain in oxidation state must equal 
the total loss. 

The problem of balancing organic oxidation-reduc- 
tion equations is greatly simplified if the teacher 
recognizes that the oxidation state change method is 
purely utilitarian, based on a simple set of working rules, 
the validity of which one may demonstrate by mathe- 
matical proof without employing spurious concepts 
regarding the mechanism of the reaction in question. 

In those clear-cut cases where complete electron 
interchange between ions occurs, the oxidation state 
change method of ‘balancing equations is completely 
consistent with the fact that, in such cases, an increase 
in oxidation state is qualitatively and quantitatively 
equivalent to a loss of electrons, and a decrease in 
oxidation state, to a gain of electrons. The oxidation 
state change method of balancing equations in general, 
however, does not rest upon this limited interpretation 
as its fundamental basis. For the practical purpose 
of balancing equations, a teacher may employ the 
method with no more compunction than that felt by a 
football referee in awarding six points to a team which 
scores a touchdown. 

In organic chemistry, the balancing of redox equa- 
tions is rendered unusually simple by the fact that so 
few kinds of atoms are involved in the more complex 
reactions. Determination of the initial and final oxida- 
tion states of the atoms in the organic molecule, which 
may-eften demand considerable time and effort, is 
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unnecessary in the balancing of the equation. It is 
required only that the oxidation state change be known; 
and this may be readily ascertained for the few types 
of atoms involved on the basis of the following rules: 

1. A loss of two hydrogen atoms represents a gain of 
two oxidation state units. 

2. A gain of one hydroxyl group represents an 
increase in oxidation state by one unit. 

3. A gain of one oxygen atom represents an increase 
in oxidation state by two units. 

Application of these rules for determining oxidation 
state changes undergone by atoms in organic molecules 
is illustrated in the following representative equations: 

1. The Baeyer test for unsaturation. 





+2 esis 
db HH 
| | 
C=C + KMnQ, + H.O ~ HO—C—C—OH + MnO, 
| 
H H 
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—— —3 


H H 
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Each carbon atom in ethylene adds one hydroxyl 
group, thereby increasing its oxidation state by one 
unit; the total gain in oxidation state for the ethylene 
molecule in being oxidized to ethylene glycol is therefore 
two units. The manganese in potassium permanganate 
undergoes a loss of three oxidation state units. The 
proper coefficients for the ethylene and potassium per- 
manganate molecules in the balanced equation are 
therefore three and two, respectively. Once these 
coefficients are determined the equation may be com- 
pletely balanced by the usual method to give: 


H 7 HH 
| | 
as i + 2KMnQ, + 4H,0 — acai ell iat + 
H EH H H 
2MnO; + 2KOH 


2. Oxidation of a primary alcohol to an aldehyde 





= +2 " 

LL LL 
H-C-C-01 + NasCr,0;, + H2SO, > sl Sa + Cre(SOu)s 
H H H 

[ee See 

The loss of two hydrogen atoms raises the oxidation 
state of the carbon atom by two units. Two chromium 
atoms undergo a decrease of a total of six oxidation 
state units. Hence, in the balanced equation, the 
ethyl alcohol and sodium dichromate molecules have as 
their coefficients three and one, respectively: 

iy Let 

8H—C—C—OH + NazCr.0; + 4H2SO, > —e + 


H oH 


H 
Cr2(SO4)3 + Na2SQ, + 7H20 


3. Oxalic acid as a standard for permanganate 
solutions. 
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Each carbon atom in oxalic acid undergoes a gain of 
one oxidation state unit due to the fact that it loses a 
single hydrogen atom. The total change for the oxalic 
acid molecule is therefore two units. Inasmuch as the 
change for the manganese atom is a loss of five units, 
the correct coefficients are five for the oxalic acid 
molecule and two for the permanganate: 


Ss 
5HO—C—C—OH + 2KMnQ, + 3H2SQ, > 10CO: + 
2MnSO, a K.SO, bf 8H20 
4. Strong oxidation of acetylene in basic solution. 
AQ 


+ ° 
H—C=C—H + KMnO, > KOOC—COOK + MnO; 
=% 








Each carbon atom in acetylene gains two oxygen 
atoms (the potassium atoms are, of course, equivalent 
in oxidation state to the hydrogen atoms), so the total 
oxidation state increase for the acetylene molecule is 
eight units. The oxidation state of the manganese 
atom is decreased by three units. The proper coeffi- 
cients are therefore three for the acetylene molecule 
and eight for the potassium permanganate molecule: 


38H—C=C—H + 8KMnQ; > 3KOOC—COOK + 8Mn0.+ 








2KOH + 2H:0 
5. Oxidation of a hydrocarbon to an acid. 
f +6- 1 
CH; COOH 
| | 
+ HNO; —- + NO 
| 
CH; CH; 
er) i 
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One lateral carbon atom of p-xylene increases its 
oxidation state by six units as a result of its loss of two 
hydrogen atoms and gain of two oxygen atoms. The, 
nitrogen atom of the nitric acid, on the other hand, 
undergoes a loss of three oxidation state units. There- 
fore the proper coefficients for the p-xylene and nitric 
acid molecules are one and two, respectively: 


CH; COOH 

| 
i) + 2HNO; — + 2NO + 2H.,0 
| 

CH; CH; 


6. Oxidation of an alcohol to an ester (n-butyl: 
alcohol to n-butyl n-butyrate).’ 
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CH,—CH;—CH;—CH,OH + Na:Cri0; + FSO, — 
i 
eee te tee Oe 
CH;—CH:;—CH2— As cali miees bee al + Cr2(SOo)s 








Formation of each molecule of n-butyl n-butyrate 
requires the oxidation of a single alcohol molecule to 
the acid stage. This represents the loss of two hydro- 
gen atoms and a gain of one oxygen atom, or an increase 
in oxidation state of four units. The total loss in 
oxidation state for the two chromium atoms is six. 
Hence, in the balanced equation, three molecules of 
the ester (requiring six molecules of the alcohol) are 
formed for every two molecules of dichromate used: 


ee aoe 2Na2Cr20; qe 8H.2SO; > 


I 
3CH;—CH:—_CH;—C—-O—-CH:—_CH:—-CH:— CH; + 
2Cro(SOx)3 + 2Na2SO, oo 14H:0 


3’ GitMAN, H., AND A. H. Bratt, ‘Organic Syntheses,’’ Coll. 
Vol. I, 2nd Ed., John Wiley and Sons, Inc., New York, 1941, pp. 
138-40. 





@ The New England Carbide Tool Company, 60 
Brookline Street, Cambridge 39, Massachusetts, has 
recently made an outstanding contribution in the 
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chemical field by developing and manufacturing 
mortars and pestles which cannot become contami- 
nated. The mortar is constructed with a steel body 
and is lined with a boron carbide insert which is ground 
to the proper shape and then polished to a mirror finish. 
The pestle has a steel handle with a polished boron car- 
bide rod mounted at one end. 

Boron carbide is the hardest commercial material 
ever made by man. This material is nonmetallic. It 
cannot charge, and, therefore, it will not pick up lint, 
dust, or metal particles which might contaminate the 
materials being ground. The mirror surfaces are so 
smooth that pit marks or surface irregularities are 
eliminated, and both the mortar and pestle can be 
made sterile clean after use. 

These mortars and pestles have been used in large 
scientific research laboratories for over six months with 
absolutely no signs of wear or contamination in any 
experiments. 
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Atomic Orbitals and Valence 


W. F. LUDER 


Northeastern University, Boston, Massachusetts 


INTRODUCTION 


NE of the most powerful tools the chemist has is 

the electronic theory of valence. Yet it still is not 

being used generally to full advantage. The two princi- 

pal factors responsible for this seem to be: reluctance 

to abandon the “‘rule of eight’’ and failure to make use 
of the concept of atomic orbitals. 

Ever since the beginning of the theory as suggested 
by G. N. Lewis in 1916, it has been obvious that there 
were numerous compounds which did not ‘‘obey” the 
rule of eight. However, several followers of Lewis have 
so strongly emphasized the rule of eight that it is still 
generally accepted by those unfamiliar with the recent 
literature in the field. 

The idea of atomic orbitals from elementary quantum 
theory is now often presented as an aid to the under- 
standing of atomic structure [even in one freshman text- 
book (1)] but is still rarely applied to the problem of 
valence. 

It is the purpose of this paper to show in an ele- 
mentary way how abandoning the rule of eight and ap- 
plying the theory of atomic orbitals can lead to a fuller 
understanding of valence. In order to do this, some of 
the details, such as are involved in hybridization of 
orbits for example, either will be omitted or modified 
for the sake of simplicity. Some of the modifications 
explicitly proposed or implicit in the discussion may 
give rise to objection on the ground that they do not 
give the complete picture. But after all, we do not yet 
understand all the phenomena of valence by any 
means. 


THE RULE OF EIGHT 


The familiar dictum that in forming chemical bonds 
atoms gain, lose, or share electrons to make the outer- 
most shell of each atom contain eight electrons prob- 
ably gained its firm adherents because the majority of 

- known chemical compounds are made up primarily of 
elements in the first two rows of the periodic table. 
With but few exceptions these elements do obey the 
rule of eight. The presence of carbon with its thousands 
of compounds seems to lend added support to the rule. 
Actually, of course, the sheer number of compounds 
of any one element has no bearing whatever on the rule 
of eight. The carbon atom counts merely as one atom 
in the ten. But even in these ten, two of the eight ele- 
ments which do not already have complete valence 
shells do not always obey the rule of eight—namely, 
beryllium and boron. ‘ 

There is little doubt that boron trichloride is covalent 
and, therefore, that the boron atom has only six elec- 
trons in its valence shell: 


:Cl: 
Sahat. 
Bx Cl: 


“x 


<I: 


Beryllium chloride also seems to be covalent, as shown 
by its high solubility in benzene. This means that the 
beryllium atom has four outer electrons in beryllium 
chloride: 


:ClxBeiCl: 


When the third period is considered, three out of 
seven atoms show “exceptions” to the rule of eight: 
aluminum, phosphorus, and sulfur. Aluminum chloride, 
phosphorus pentafluoride, and sulfur hexafluoride are 
typical covalent compounds. They must, therefore, 
contain six, ten, and twelve bonding electrons, re- 
spectively. 

Proceeding further in the periodic table many other 
such examples of covalent compounds containing six, 
ten, and twelve electrons in the valence shell may be 
found. Most of these are in Groups III, V, and VI of 
the representative elements (Figure 2). Several occur 
in Group VII, but will be discussed later. The exist- 
ence of iodine heptafluoride shows that fourteen elec- 
trons are possible in the valence shells of some atoms. 

Other violations occur also in the related metals 
(see Figure 2). Tungsten, in addition to the di- and 
tetrachlorides, forms covalent penta- and hexachlorides, 
WCl, and WCle. WBrs and WBrg are also known, 
while WF, has the low boiling point of 19.5°C.* In 
addition to the di-, tri-, and tetrachlorides, molyb- 
denum forms covalent compounds having the formulas 
MoCl, and MoFs. Osmium forms a covalent hexa- 
fluoride (b. p. 205°C.), but even more embarrassing for 
the adherents of the rule of eight, it forms OsFs, a 
stable, typically covalent compound having a boiling 
point of 47.3°C. Here is one compound at least having 
twice the number of bonding electrons permitted by the 
rule of eight! 

The examples given above have included only those 
compounds in which the bonding is of the simple 
covalent type. Coordination compounds and metal 
carbonyls offer many more “violations” of the rule of 
eight. Other cases in which some electrons are not 

*In view of the rarity of pentacovalency, doubt may arise 
concerning its existence in WCl; and WBrs. However, the low 
boiling points together with the fact that the boiling point of the 
bromide is the higher of the two may be taken as sufficient 
evidence for covalency until crystal structure measurements are 


made. If the compounds were ionic the reverse order of boiling 
points would be expected. 
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used as bonding electrons (analogous to the lone pair in 
ammonia) will be discussed subsequently. Turning to 
a consideration of the valences of the relatéd metals 
(Figure 2) when acting as positive ions, we find that not 
one of the many positive ions formed conforms to the 
rule of eight. In none of them does the loss of elec- 
trons leave a completed shell of eight electrons. This 
fact is largely obscured in the older type of eight- 
column periodic charts, but is very obvious in Figure 2. 

Most of the evidence illustrated by the cases just dis- 
cussed has been ignored by the more ardent advocates 
of the rule of eight. A few compounds have been con- 
sidered by them, e. g., phosphorus pentafluoride and 
sulfur hexafluoride, and various devices have been 
adopted in the attempt to force compliance with the 
rule. One was the hypothesis of single electron bonds in 
such compounds as phosphorus pentafluoride and 
sulfur hexafluoride. It is no doubt true that one- 
electron bonds do exist in a very few cases. The hydro- 
gen-molecule ion is evidently held together by one 
electron, but the bond is much weaker than the electron- 
pair—even in this, the most favorable case. If one- 
electron bonds exist in the boron hydrides they are still 
weaker, as shown by the instability of these compounds. 
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Ficure 1.—ATomiIc ORBITALS 
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To maintain eight valence electrons for the sulfur atom 
in the hexafluoride would require four one-electron 
bonds, which (because of the large size of the sulfur atom 
compared to hydrogen or boron) would be far more 
unstable than those in boron. Yet sulfur hexafluoride 
is one of the most stable compounds known (5). In 
spite of this conclusive evidence it has been claimed (6) 
that parachor measurements support the presence of 
one-electron bonds in such compounds. But as pointed 
out by R. Samuel the parachor may lend itself equally 
well to different schemes of valence depending upon the 
original assumptions (7). Additional exceptions to the 
rule of eight will be considered in more detail below. 

Abandoning the rule of eight, it would seem then, is 
the first step in acquiring the fuller understanding of 
valence made possible by the progress in our knowledge 
of atomic structure. 


ATOMIC ORBITALS 


According to the quantum theory, the periodic 
system can be regarded as built up from hydrogen by 
adding one proton at a time to the nucleus (plus the 
required number of neutrons) and one electron at a time 
to the atom outside the nucleus. From the periodic 
table and spectroscopic data it is deduced that the 
electrons arrange themselves in main levels and sub- 
levels in a regular way as shown in Figure 1. Figure 1 
is a plot of approximate, relative energy levels (8). Each 
circle represents one atomic orbital. On paper each 
circle may be regarded as a box which can be occupied 
either by one electron or by two electrons spinning in 
opposite directions. 

The numbers in Figure 1 are values of the total 
quantum number which represents the distance from 
the nucleus. Each main level is designated by one 
value of the total quantum number. The letters 
s, p, d, f correspond to the values 0, 1, 2, 3 for the 
azimuthal quantum number /, which determines the 
“eccentricity’’ of the orbital. The difference in eccen- 
tricity leads to sublevels in the main levels. Both types 
of numbers must be used in the equations for the energy 
of the orbitals. The azimuthal quantum number has a 
series of values for each value of n: 


i= 0,1,2,3....8—1 


For example, if ~ = 3, / has the values 0, 1, 2 which 
results in three sublevels in the third main level. These 
are designated as 3s, 3p, 3d. From the periodic table 
and from spectroscopic data obtained when the atoms 
are placed in a magnetic field it is found that s sub- 
levels always contain one orbital, p-sublevels always. 
contain three orbitals, d sub‘eve's contain five orbitals, 
and f sublevels contain seven orbitals. It is obvious 
from Figure 1 that in the upper energy levels there is 
considerable overlapping of main levels. Furthermore, 
some of the closer sublevels apparently interchange in 
some cases. This is indicated by vertical lines joining 
the sublevels involved. 

In general, the electrons fill in the lowest energy levels. 


first.. One electron-goes into each orbital on a given 
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line until all the orbitals at that level are occupied by 
one electron. When every orbital in a given sublevel 
contains one electron, then and only then, they begin 
filling up with two electrons in each orbital. Two 
electrons in an orbital are said to be coupled or paired. 
Supposedly the opposite spins of coupled electrons re- 
sult in electromagnetic attraction more than sufficient 
to overcome the repulsion of like charges. 

The way in which electrons are added to the orbitals 
can be made clearer by taking some examples from 
Figure 2. From the chart the electron-configuration of 
aluminum is seen to be: ‘ 

wAl: 1s? 2s? 2p8 3s? 3p 
where in this case the superscripts represent the num- 
ber of electrons in each kind of orbital. If we wish to 
use the superscripts to represent the number of electrons 
in each orbital the three 2 orbitals must be separated as 
follows: 


Al: 1s? 2s? 2p? 2p? 2p? 3s? 3p 
Remembering that the orbitals take electrons one at a 


time until each orbital has one electron in it before 
coupling begins, the electron-configurations are taken 


Ficure 2.—AToMIcC STRUCTURE CHART OF THE ELEMENTS 








from the chart and written as follows (writing the 2p 
orbitals together since there is no change in them): 
Silicon 

ui: 1s? 2s? 2p5 3s? 3p 3p 


Phosphorus 

isP: 1s? Qs? 2p* 35? 3p 3p 3p 
Sulfur 

169: 1s? 2s? 2p8 3s? 3p? 3p 3p 
Chlorine 


Cl: 1s? Qs? 2p8 3s? 3p? 3p? 3p 


Note that phosphorus has three unpaired / electrons, 
but that since there can be only three p orbitals sulfur 
has only two unpaired electrons and chlorine only one. 

We shall now make a slight modification in the usual 
way of writing electronic symbols. The five atoms just 
discussed may be written as follows: 


:Al- :Si- :P- :S: “@3: 


Written this way the symbols indicate the paired and 
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unpaired electrons of the valence shell. For example, 
the symbol for phosphorus now shows the two paired 
3s electrons and the three unpaired 39 electrons. 

For those elerhents which have two incomplete shells, 
7. e., most of the related metals (Figure 2), valence 
bonds to other atoms often involve both shells. The 
original Lewis conventions provided no way to repre- 
sent such atoms, but if the rule of eight is abandoned 
and the convention just proposed is adopted, the 
method is obvious. Dots representing the electrons in 
both shells should be used, regardless of how many may 
be required. No distinction between the two energy 
levels need be made since they are so close together— 
even closer than indicated in Figure 1. The vertical 
lines on the right joining the 4s with the 3d sublevels, 
the 5s with the 4d, and the 6s and 4f with the 5d levels 
are used to indicate that there is practically no differ- 
ence. Actually, these levels may interchange in differ- 
ent atoms. 

From Figure 2 we see that manganese has the electron 
configuration: 


2Mn: 1s? 2s? 2p8 3s? 3p6 3d 3d 3d 3d 3d 4s? 


The valence electrons are obviously the two paired 
4s electrons and the five single or unpaired electrons, 
with practically no difference in energy among the 
seven. The electronic symbol would be 

:Mn- 


With two dots close together for the paired 4s electrons 
and the other five far enough apart so as to represent 
five unpaired electrons. For iron: 


oe: 1s? 2s? 2p8 3s? 3p§ 3d? 3d 3d 3d 3d 4s? 


the electronic symbol would be 
Be. 


showing eight electrons, four paired, and four single. 
For cobalt: 
Co: 1s? 2s? 2p8 3s? 3p8 3d? 3d? 3d 3d 3d 4s? 


the electronic symbol would be 
Gs 


showing nine electrons, six paired and three single. 
For nickel: 
wNi: 1s? 2s? 2p% 3s? 3p* 3d? 3d? 3d? 3d 3d 4s? 


the electronic symbol would be 





Ni’ 


showing ten electrons, eight paired and two single. 
Copper will be taken up later since its consideration in- 
volves a discussion of its valence. With zinc there is 
again only one level in the valence shell consisting of these 
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two 4s electrons. The 3d orbitals are now fully occu- 
pied. 

The advantages of writing electronic symbols in the 
manner just suggested will become more fully apparent 
with the discussion of valence. 

To summarize: (1) The order in which atoms are 
built up by the addition of electrons to the correspond- 
ing nucleus is: 1s, 2s, 2p, 3s, 3p, (4s, 3d), 4p, (5s, 4d), 
5p, (6s, 5d, 4f), 6, 7s, 6d according to Figure 1. (The 
parentheses correspond to the short vertical lines join- 
ing the same levels on the right side of the figure. Both 
devices emphasize that these levels have about the same 
energy and may even change their order in different 
elements.) (2) All the orbitals in a given sublevel must 
contain one electron each before pairing of spins begins 
to complete the orbitals with two electrons in each. 
(3) Electronic symbols should be written showing all 
paired and unpaired electrons in the valence shell. 
Since in many atoms the valence shell includes electrons 
from two energy levels, this may often require as many 
as twelve dots. In a few cases more will be needed. 


THE RULE OF TWO 


When we turn to a consideration of chemical com- 
pounds, a natural assumption to make as a starting 
point is: Uncompleted orbitals in one atom may be filled 
by electrons from another atom.{ This may be done by 
loose electrons (resulting in electrovalence) or by elec- 
trons which remain in the other. atoms (resulting in 
covalence). 

The rule of eight is replaced by the rule of two. Both 
electrovalence and covalence are due to pairing of elec- 
trons to fill incomplete orbitals. Since it is only for 
n = 2 that the maximum numberof electrons is eight, 
the two rules are equivalent only for the second period. 
For the third period, » = 3, and the number of orbitals 
is nine, holding a maximum of eighteen electrons. 
Charge and space considerations, in addition to an in- 
sufficient number of electrons, prevent this number 
from being approached in the third period except in the 
case of compounds such as phosphorus pentafluoride 
and sulfur hexafluoride and of ions like AlFs~* and 
SiF,—*. In this period and the later ones, the number of 
electrons in the valence shells of the atoms in molecules 
may seem at first glance to be quite unpredictable, but 
the rule of two in conjunction with a table of electron 
configurations in most cases will solve the problem. 
Several examples will now be considered under the 
separate headings of electrovalence and covalence. 

The only rule to be followed is that uncompleted 
orbitals in one atom may be filled by electrons from 
another atom. It is called the rule of two because a 
completed orbital contains two electrons. 





ELECTROVALENCE 


Since substitution of the rule of two for the rule of 
eight makes no difference so far as the electrovalences 






t Many readers will immediately recognize that the discussion 


owes its origin primarily to London (9). However, they will 


also-note certain modifications as the argument proceeds. 
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of the representative elements (Figure 2) are concerned, 
they will not be discussed here. Neither will the rare 
earths be considered. Readers interested in the rare 
earths may consult an article by Pearce and Selwood 
(10). 

One fact should be called to attention before pro- 
ceeding with a brief discussion of the related metals 
(Figure 2). There are practically no monatomic nega- 
tive ions having a charge greater than minus two. 
There are practically no monatomic positive ions having 
a charge greater than plus three. For example, we are 
accustomed to think of ‘‘stannic ion” as having a valence 
of plus four, but actually, there is no such thing as a 
stannic ion in pure stannic chloride, a typical covalent 
compound. Even in water the stannic ion has no exist- 
ence as a monatomic ion with four positive charges on 
it. Apparently insufficient energy is involved in 
ordinary chemical reactions to build up charges greater 
than minus two or plus three. According to Coulomb’s 
Law, the size of the atoms involved must also have an 
important bearing upon the formation of ions so that 
beryllium, a small atom, does not show much tendency 
to form an ion with a valence of plus two. 

The rule of two centers attention on those atoms in a 
molecule which are completing their orbitals in the 
combination, so it does not add much to the treatment 
of the related metals as positive ions. However, it 
might be well to point out that the related metals do not 
violate the rule of two as they do the rule of eight. As 
mentioned previously, none of the many positive ions of 
these metals conforms to the rule of eight, but the rule 
of two does not specify the nature of the positive ion. 
The number of electrons removable to complete the 
orbitals of some other atom is determined by size and 
charge as well as by the numbers of unpaired electrons. 

For example, the electronic configuration of iron is: 


wFe:; 15? 2s? 2p* 3s? 3p 3d? 3d 3d 3d 3d 4s* 


and the electronic symbol showing electrons from both 
incomplete shells as valence electrons is: 


:Fe: 


It is easy to remove two electrons (suppose we say two 
of the unpaired 3¢ electrons) to-give the ferrous ion, a 
little more difficult to remove a third.one, and impossible 
because of the large electrical field to remove the fourth 
electron by ordinary chemical means. Most of the ions 
of these metals are left with unpaired electrons, as is 
shown by their color and paramagnetism. 


* COVALENCE 


When atoms complete one or more orbitals to form 
covalent bonds, the number of pairs shared between 
them depends upon various factors including: (1) the 
number of unpaired electrons in each atom; (2) spatial 
considerations; and (3) bond energies. Bearing num- 
bers (2) and (3) in mind, we shall emphasize the first 
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factor. We shall do so by first applying the rule of two 
to each compound chosen as an example assuming it to 
be formed from neutral atoms whose electron configura- 
tions are given in Figure 2. 

Considering the representative elements first, we 
find that the maximum number of valence electrons for 
elements in the second period according to the Pauli 
principle is eight.{ Beryllium and boron chlorides 
have already been discussed sufficiently to illustrate 
compounds in which the maximum of eight is not 
reached. The properties of boron trichloride as a 
strong acid (2) make it apparent that the one empty 
orbital of the boron atom can still be filled by two 
paired electrons from an atom in a basic molecule. The 
remaining four active elements in the second period re- 
quire no further discussion, since for them the rule of 
two becomes equivalent to the rule of eight. 

In the third period (considering only the representa- 
tive elements in that period for the time being) the 
number of orbitals is nine. The tendency of mag- 
nesium to fill up its orbitals seems to be the reason for 
the activity of Grignard reagents. The tendency of 
aluminum chloride to fill up an empty orbital in the 
aluminum atom results in its familiar activity as a 
strong acid catalyst (4). The SiFs~? ion apparently in- 
volves the filling of two orbitals of silicon in silicon 
tetrafluoride by paired electrons from two fluoride ions 
to give a total of twelve electrons.§ Carbon in the pre- 
ceding period cannot do this because in its compounds 
all its orbitals are filled by eight electrons. 

The phosphorus atom has two paired and three single 
electrons in its valence shell so phosphorus trifluoride is 
written (using crosses for phosphorus electrons): 


F: 
xPxF; 
:F: 
Phosph¢rus pentafluoride must be formed by uncoup- 


ling the lone pair of 3s electrons. This might be 
formally represented as follows: 


:F: ‘¥F: +F. 
4 


x- oe oe ee 
— =PzxF: +2-F: —— P xF: 


oe 


x wt 
7F: i, ae ae 
oe oe ye 


where the small arrow indicates that the two paired 


¢R. Samuel (7) mentions the possible existence of nitrogen 
pentafluoride. Such a compound if it does exist would involve 
promotion from » = 2ton = 

§ The question which arises at this point—namely, what 
determines in detail the number of atoms grouped about the 
central atom in such cases?—is beyond the scope of this article. 
Suffice it to say here that completion of orbitals may be opposed 
by the repulsion of built-up charges or hindered by lack of space 
for enough atoms to gather round the central atom. 
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electrons are uncoupled during the reaction. Actually 
the two fluorine atoms are combined in a molecule and 
the paired electrons between them must also be un- 
coupled, but they are written separately for the sake of 
simplicity. This uncoupling of paired electrons requires 
energy, but not more than the reaction can amply 
supply, since the compound is formed and is fairly 
stable. The extreme instability of nitrogen penta- 
fluoride if it exists at all (7) must be due to the fact that 
the nitrogen atom has no more orbitals available for 
which » = 2 and promotion of electrons from = 2 to 
n = 3 would require more energy than the reaction can 
furnish.'! 

The series of sulfur compounds S2F2, SF2, SF,, 
SeF 10, SF¢ (5) offers an interesting application of the rule 
of two. The sulfur atom has two pairs and two single 
electrons: 

SF, must be formed by direct pairing of the two un- 
paired electrons in the sulfur atom: 


oe KX of 
:FxSxF: 
ob homage 
The formation of SF; involves the uncoupling of one 


pair, leading to ten electrons in the sulfur valence shell. 
Both pairs are uncoupled in SF, giving a total of twelve: 


:F: F: 
“x ee . x 
"RP: ose ’ 
: a FE * FE. 
= © ? $s 
- * + 
F: ¥: 


Two different electronic formulas have been suggested 
for S2F2 (13): . 


os) BE ee os os RE oe 

:-FxStSor: :FxS*F: 

* xx OO «. * xx . 
oo 
°° 
oSo 


The weight of the experimental evidence seems to favor 
the second of the two. In the second formula two of the 
paired electrons on the upper sulfur atom have been 
uncoupled to pair off with the two unpaired electrons 
of the lower sulfur atom. This gives the upper sulfur 
atom ten electrons in its valence shell. S2F i) resembles 
SF; to some extent in its chemical properties, but is more 
reactive (5). The electronic formula is similar in that in 





|| The pentachloride (11) and pentabromide (12) of phosphorus 
have been the subject of crystal structure investigations which 
have shown them to be ionic in the solid state. The ions are 
PCl,*! and PCl,~! for the chloride and PBr,*! and Br~! for the 
bromide. This does not mean that they are not covalent in the 
gaseous state nor does it imply that PF; is not pentacovalent in 
all three states. The boiling point for the fluoride is far below 
the boiling points of the chloride and bromide. If the fluoride 
were ionic its boiling point would be higher. 
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both molecules the sulfur atoms have twelve valence 
electrons: 


F F F 
KA cnt aed Pad 

Ss F—S—S—F 
P/INp Ph Ne 


The interhalogens of the types AB;, ABs, and AB; are 
also interesting.examples of the rule of two. ICI; must 
involve uncoupling of two of the paired electrons in the 
iodine atom of iodine monochloride: 


XX oe ee EE pee 
—*IxCl: + 2:Cl: ——>» "“1zCh: 
xx °* oe ‘ot = oe 


This gives ten electrons in the valence shell of iodine. 
In iodine pentachloride there should be twelve, one more 
pair being uncoupled. 

:Cl: 
x° & 


2% 3Q: 


. toy: 
Cl: ct 
Iodine heptafluoride should be written with fourteen 


bonding electrons, all seven of the original iodine elec- 
trons being shared with the seven fluorine atoms: 


From these examples chosen from the representative 
elements it is apparent that (in many more cases than 
for the rule of eight) the rule of two automatically gives 
the correct result when molecules are considered as if 
formed in the same way as the periodic system is built 
up. A few more examples taken from the related metals 
will be considered next. 

The older eight-column periodic charts obscured the 
similarities observed in the chemical properties of the 
related metals. The type of chart illustrated by 
Figure 2 clears up this source of confusion. All these 
atoms have either one or two electrons in the outermost 
shell and therefore behave primarily as metals. Most 
of them have two electrons in the last shell and from the 
chemist’s point of view most of the remainder could be 
considered as having two also. Their similarities when 
acting as cations have already been opnsidered. 

In spite of their primary characteristics as metals 
some of them in one respect do behave as nonmetals. 
Chromium and manganese, for example, form negative 
ions with oxygen which correspond to sulfate and per- 
chlorate ions. Yet neither chromium nor manganese 
forms a negative “‘chromide”’ or ‘‘manganide”’ ion as do 
sulfur and chlorine. The answer to these apparent con- 
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tradictions lies in the fact that most of the related 
metals have two incomplete shells of practically the 
same energy. Therefore, all the electrons in both shells 
should be considered as valence electrons when writing 
electronic formulas. 

As an example, let us compare the behavior of sulfur 
and chromium. Sulfur and oxygen atoms both have six 
valence electrons, two pairs, and two single electrons 
in each: 

Sx 0: 

pw be 
Applying the rule of two, we may imagine sulfuric acid 
as being formed in the following way. First, the two 
uncompleted orbitals in each oxygen atom can be filled 
with the two electrons from one sulfur atom and two 
electrons from two hydrogen atoms: 


oo - ae  o& 
H°0xS*03;H (hypothetical) 
Tees 


Two more oxygen atoms each with two unpaired elec- 
trons can then complete their orbitals by uncoupling 
the two electron-pairs on the sulfur atom and forming 
double bonds: 

:0 

we EE oe 
H°0xS*03;H 

0: 
Note that there are twelve electrons in the valence shell 
of the sulfur atom according to the rule of two. The 
customary way of writing the formula with only eight 
electrons was adopted primarily to force compliance 
with the rule of eight. 

The chromate is formed in a similar way. Represent- 
ing the five unpaired 3d electrons and the one 4s electron 
as being in the same valence shell we find that chromium 
has the same number of valence electrons as sulfur: 


xx 
xCrx 
zx 


The one electron on the left may be considered as the 4s 
electron, but this makes no difference since all are 
practically equivalent (Figure 1). The first step in the 
formation of chromic acid can be formulated in exactly 
the same way as before: 


«+ XX of 
H;0xCrxO°H (hypothetical) 
5 ee 


The next step is different only in that the four remain- 
ing electrons are already single, so no uncoupling by the 
oxygen atoms is necessary : 


0: 
win NT hn 
H;0x Cr0°H 
ro es i 
:O ‘ 


The reason that the Cr-? ion does not exist is that such 


227 


an ion would still contain four unpaired electrons and 
would be too unstable. To fill all six incomplete orbitals 
to form a monatomic ion would give it a charge of 
minus six. 

Similar analysis shows that fourteen electrons are 
shared in perchloric and permanganic acids: 


:0 :0 


mr 
H;0xCr:0: 
lig > 


we XE 
H;Ox Mny:0O: 
2 ite 
O: O: 


All four of these formulas are equivalent to the old 
formulas used before electrons were discovered, e. g., 
O O 


| | 
ae aa outs wag 


showing a valence of two for oxygen, six for sulfur, and 
seven for chlorine. Anticipating objections to the idea 
of fourteen electrons for chlorine, we may recall the 
interhalogen compounds AB; and AB;. In these com- 
pounds the relative sizes of the two atoms seem to de- 
termine whether the compounds will be formed. So far, 
there is no known chlorine pentafluoride, but BrF; 
and IF; do exist. Apparently there is not room for 
five fluorine atoms around one chlorine atom. But 
there are only four oxygen atoms involved in perchloric 
acid. If fourteen electrons are holding seven other atoms 
to iodine in the heptafluoride it does not seem unreason- 
able to find that fourteen electrons are holding four 
other atoms to chlorine.{ 

The series of, osmium halides OsCl3, OsCl,, OsFs, 
OsF; is interesting. The electronic symbol for the 
osmium atom is similar to that of iron with two 6s elec- 
trons and two 5d electrons paired leaving four 5d elec- 
trons unpaired: , 


xt x 
xOs, 
xx 


OsCl,; is ionic, affording one example of the relative 
small number of monoatomic trivalent ions. Three of 
the four electrons can be removed, but not a fourth 
since OsCl, is covalent: ‘ 


with a total of twelve electrons for the osmium valence 
shell. The Os atom in OsFs must have fourteen elec- 
trons: 


| F FFF 


ae \I 
xOs—F + 2-F: — —> %0s—F 


me °F Fie of 
f The foregoing argument is not intended to exclude the 
possibility of resonance, especially in the case of perchlorate 
and sulfate ions. 





St SS = 





228 


and the Os atom in OsF, must have sixteen electrons: 


FFF i i 
bg ™ NZ 
— <{Os—F + 2-F: ——~ F—Os—F 

~ “ LIN 
FF F 


F F 

The failure of the related metal carbonyls and 
nitrosyls to obey the rule of eight was recognized from 
the beginning. [Details may be found by consulting 
reference (5).] So it is not surprising that our present 
concepts of their valence relationships already are so 
close to the ideas presented here that no further dis- 
cussion of them is necessary. 

It would be interesting to speculate about other 
covalent compounds of the related metals, but in just 
these cases it would be merely speculation since in- 
sufficient experimental data are available. However, 
the above examples of covalent compounds, together 
with those considered in the previous section, should 
be sufficient to illustrate the application of the rule of 
two to the problem of valence. It is evident that proper 
use of the rule of two demands: (1) application of our 


knowledge of atomic orbitals, (2) modification of our 
present method of writing electronic symbols so as to 
represent two partly filled energy levels of practically 
the same energy as one valence shell. 


SUMMARY 


Certain modifications in the electronic theory of 
valence as customarily presented are proposed. These 
involve: 

1. Abandoning the rule of eight. The majority of 
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the ninety-two elements show exceptions to this rule. 

2. Substituting the rule of two. This implies that 
the formation of molecules takes place in the same man- 
ner as the periodic system is built up. 

3. Writing electronic symbols to show in one valence 
shell those electrons which belong to two partially com- 
plete energy levels of practically the same energy. 

These modifications seem to lead to a more satis- 
factory theory of valence since the theory now applies 
much more widely than hitherto. It is interesting to 
note that in some cases the new electronic formulas are 
equivalent to the older formulas in use before the rule 
of eight was proposed. 
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It is said that a sampling of diets has shown that half the people of this country still 
suffer from a deficiency of vitamin B:, or riboflavin. 

Says the Department of Agriculture in Food and Home Notes, “‘Riboflavin may not 
be the magic sought by Ponce de Leon, who dreamed of drinking at the fountain of 
youth, but it is essential for growth and general good health and for preserving youth 


and vigor.”’ 


The Department of Agriculture further states: 


**As with almost all vitamin de- 


ficiencies, people who do not get enough riboflavin tend to be nervous and irritable and 
feel tired and run down. Eyes itch and burn and look tired and bloodshot. Vision 
may be blurred in dim light, and bright light hurts. Air Corps fliers have occasionally 
reported eye disturbances after flights in bright weather. Some scientists think this 
may be due to the riboflavin of the eyes being exposed to the destructive effects of light. 

**Characteristic signs of a diet deficient in riboflavin for a considerable length of time 
show up in the tissues of the eyes, mouth, and skin. Symptoms include cracked and 
scaly places at the corners of the mouth, and shining red sores around nose, eyes, and 
eyelids. The tongue becomes inflamed—deep red and glossy—and swallowing may be 
difficult. Comparatively few people show these signs of riboflavin deficiency to an 
acute degree, but too many in the country are not up to par because they do not get the 
amount they need for maximum health. 

‘‘Milk is probably the most important source of riboflavin, since it furnishes almost 
half the supply of this vitamin in our national diet. Milk is not the most concentrated 
source. Liver, kidney, cheese, eggs, and some greens like kale are richer.... Nutri- 
tionists estimate that bread and flour enrichment has raised the riboflavin content of 
the average American diet about one seventh.”’ 


panne aed 


Mo 
a ae ee ae 
we eS see & 


FeO 
pee. 


aia 


is 


“corre: 
ee. awe 


ae eee eee 


Pe 
Se rae 


ao 





Sales of Synthetic Savors 


J. N. TAYLOR 


Bureau of Foreign and Domestic Commerce, Washington, D. C. 


How has the war affected our “production and sale of aro- 
matic chemicals—products used as flavor and perfume mate- 
rials? At first thought, it would seem reasonable to assume that 
wartime restrictions upon the use of such critical materials as 
benzene, xylene, phenol, cresol, acetic aid—to mention a few— 
in the manufacture of these products would have reduced their 
output. Actually, production has been increased. 

A lack of shipping facilities for bringing in aromatic exotics, 
as well as an increased demand generally, brought about the 
necessity to develop and expand domestic sources and to duplicate 
many of nature’s products in the laboratory. Theresult was that 
domestic production of aromatic chemicals—synthetic flavors 
and perfume materials—in 1943 registered a total of 17,531,000 
pounds, slightly lower than 1942 production but more than 
double the 1940 output. An annual production of more than 
17 million pounds is indeed impressive when one considers that 
these products are used in small amounts and that a little bit 
goes a long way. 


UNITED STATES PRODUCTION OF SYNTHETIC AROMATIC CHEMICALS 
[In thousands of pounds] 
1940 1941* 


5485 9931 
2510 4268 


1943* 


8120 
9411 


1942* 
7956 
9831 


1938 


3837 
1474 


Cyclict 
Acyclict 





Total 5311 7995 14,199 17,787 17,531 


* Preliminary. 

t Generally coal-derived. 

t Noncyclic. 

{ Source: U. S. Tariff Commission. 


If the war has developed the industry, the industry has like- 
wise boosted the war effort. Synthetic aromatics as ingredients 
of well-flavored foods,-beverages, and smokes, have found their 
way into mess kitchens, galleys, and canteens all over the world, 


as wellasintothe home. At home, too, as contributors to clean- 
liness and beauty, they have enriched daily living and have helped 
keep up morale—that intangible without which all our efforts 
would be unavailing. 

Synthetic aromatics are used not only to please the palate and 
to delight the olfactory senses, but also as industrial deodorants 
and as odor-masking ingredients by the paint, paper, ink, leather, 
rubber, textile, and other industries. Thus they are all-round 
agents entering into the industrial economy as well as the esthetic. 

Synthetic aromatics connote romance, too, not of faraway 
places but of science here at home. The synthesis in the chem- 
ist’s laboratory of these aromatic principles is indeed a modern 
adventure into the unknown, and the technique of their skilful 
blending into fine fragrances and exceptional perfumes, a discov- 
ery of nature’s mysterious processes. Today, fine perfumes are 
available to all without straining the pocketbook, while for- 
merly an ounce or two of the natural odor was worth a king’s 
ransom. 

Not so long ago, it required tons of violets to make a single 
ounce of the natural oil, Today, the violet scent is produced 
synthetically. These synthetics have become as familiar as their 
natural counterparts, except perhaps in name. Who would 
dream that phenylacetic aldehyde is the active principle of hya- 
cinth; that anisic aldehyde is responsible for the fragrance of 
hawthorn, or that phenyl-ethyl alcohol is an essential ingredient 
in artificial attar of rose? But after all, as Juliet said, 


“What’sinaname? That which we call arose 
By any other name would smell as sweet.” 


Scientific names of chemical compounds are indicative of 


their architecture or molecular structure as visualized by chem- 
ists. Structure has a definite relationship to properties such as 
odor, taste, and other distinguishing characteristics. It is only 
logical that these structural relationships should conform to 
definite patterns and that certain resemblances should indicate 
family groups. 

Synthetic flavor and perfume materials may be broadly 
grouped as cyclic and acyclic compounds. The cyclic products 
consist of benzenoid compounds (derivatives of benzene and its 
homologs) and heterocyclic compounds. Terpenoid derivatives 
are found in both cyclic and acyclic groups. These broad cate- 
gories may be further subdivided into classes of alcohols, alde- 
hydes, ketones, esters, ethers, acids, and lactones. Esters, off- 
spring of the reaction between alcohols and acids, are the prin- 
cipal odor bearers of fruits and flowers. 

Although some synthetic aromatics are in themselves pleasing, 
it is often necessary to blend a number of them to duplicate with 
faithfulness the natural products. Some of these blending in- 
gredients are used as bases, others as fixatives; some are suitable 
as flavors or only as perfumes, others may serve both purposes. 

Although a large number of synthetic organic chemicals have 
distinctive odor and taste qualities, many of them are not included 
in the broad group of flavor and perfume materials. Ethyl and 
butyl acetates, dimethyl and dibutyl phthalates, and diphenyl 
oxide are typical examples of compounds which, although pos- 
sessing aromatic characteristics, are preponderantly used in the 
industrial field. The chief uses of these chemicals are, respec- 
tively, as solvent, as plasticizer, and as a heat-transfer medium. 
However, data showing production of synthetic aromatic chemi- 
cals do not include these or similar industrial chemicals. 

Production figures on sodium glutamate, a flavoring material 
widely used in the manufacture of ‘‘ajinomoto,”’ “‘vetsin,’”’ and the 
like are included at present. 

Synthetic aromatics are essentially manufacturers’ goods, most 
items being manufactured for sale outside the producing estab- 
lishments. 

Some individual aromatics stand out among their fellows, either 
because of their singleness of purpose or because of their ver- 
satility. Prominent among the alcohols is phenyl-ethyl alcohol 
with the lovely fragrance of the rose. Of the aldehydes, cin- 
namic aldehyde, constituent of oil of cinnamon, gives spice to 
flavors and perfumes; amyl cinnamic aldehyde is one of the in- 
dispensable constituents in artificial imitations of flower perfumes 
of the jasmine type; anisic aldehyde (aubepine) possesses the 
odor of flowering hawthorn and new-mown hay. 

Vanillin, principal flavor constituent of the vanilla bean, finds 
a wide use in perfumery as a sweetener and blender. Its greatest 
use is in vanilla-type flavors. 

Included in the ester group are methy] salicylate, the artificial 
oil of wintergreen; methyl anthranilate, used to accentuate the 
taste and odor of grape juice and to manufacture artificial oil of 
neroli; methyl benzoate, sold commercially under the name of 
niobe oil; amyl salicylate, the basic constituent of artificial orchid 
perfumes. 

Ability to make innumerable combinations of the hundreds of 
aromatic chemicals makes possible an infinite variety of finished 
perfumes and flavors. Tested formulations can be reproduced at 
will and a uniformity of product assured. 

During the past quarter century the manufacture of synthetic 
aromatic chemicals in the United States has grown remarkably 
and, in that time, the country has become independent of foreign 
sources of supply. Synthetic aromatics manufactured today are 
tried and true products. Their increased use by perfumers and 
by the food industries and has been a gradual development. The 
selling movement, initiated a number of years ago on the novel 
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slogan ‘‘Sell by Smell,’’ has also contributed to their increased 
consumption as has their employment as deodorants and re- 
odorants. ; 

The present conflict has stimulated a greater interest in syn- 
thetic aromatics, and scientific and technological advances made 
during the war regarding the manufacture, as well as the proved 
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worth of these products, in new and unique formulations, will 
undoubtedly bring about an even broader consumer demand for 
them and a correspondingly larger consumption in the postwar 
years. 

—Reproduced, in part, from Domestic Commerce, (March, 
1945). 


Enolization: An Electronic Interpretation 


INTRODUCTION 


LECTRONIC interpretations are very useful in 
formulating the mechanisms of organic chemical 
reactions (4, 5, 6). Specifically, the explanation of 
the reactivity and enolization of carbonyl compounds 
can be made more clear and useful if interpreted 
through the use of the electronic characteristics of the 
groups involved in the reactions. Relative to the 
hydrogen atoms, some groups or atoms have a greater 
affinity for electron pairs while others exhibit less af- 
finity. The former groups are said to have electron- 
withdrawal (electrophilic) characteristics while the 
latter are called electron-release (electrodotic) groups. 
In molecules containing the following groups there is a 
tendency toward the direction indicated: 
i ss Sue is $3 
+-:0:H <+:0:R <—:N:H <—:N:R 
‘oan 
<-—:N:R <:CH; <:C:H; 
R 


relative to hydrogen, while the following groups pro- 
duce an electron-withdrawal effect: 


:O :O :O 
sD i a) -D 
—C— —C:::N: —S:0:H —N 
9 6: 


This paper is an attempt to explain the activity and 
enolization of carbonyl compounds on this basis. 

Formerly, organic chemists explained enolization 
on the basis of the “‘alpha effect” (1), 7. ¢., the activa- 
tion of a-H atoms in aldehydes, ketones, acids, esters, 
and other classes of compounds. It has been assumed 
that these active a-H atoms can shift to the carbonyl 
oxygen to produce an enolic compound. 


Lt ee 

gery tee — rah er (1) 
H.. H H 

(Keto) (Enol) 
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The enol form of the compound was supposedly the 
active form that actually took part in the chemical reac- 
tions. 

This explanation is not adequate because it does not 
enable us to correlate the large amount of data avail- 
able on enolization. Recent textbooks (9, 17) and 
journals (11, 16) do not present a systematic correla- 
tion of the electronic effects produced in enolization 
by the electron-withdrawal and electron-release groups. 
This paper represents the first attempt to accomplish 
this. 


SIMPLE KETO-ENOL SYSTEMS 


Equation (1) represents a simple keto-enol system. 
Similar equations can be written for other carbonyl 
compounds such as ketones, acids, esters, and many 
others. If such an equilibrium exists at all, it must be 
greatly in favor of the keto form. True enols behave 
like phenols in producing a color reaction with FeCl; 





iCH. 
_ oF cH’, \c—oH 
R—CH=C—R’ gaa 
nist \cuZ 
(Enol) (Phenol) 


solution; no such color is produced with simple keto-enol 
systems, e. g., CHsCHO, CHsCOCHs, or CHs;COOC2Hs. 
Furthermore, the reactions of these compounds can be 
explained more adequately without resorting to the 
necessity of postulating the presence of an enol form. 
The electronic interpretation of these facts gives 
us a much more satisfactory explanation. 

Lewis (2) has pointed out that the sharing of more 
than one electron pair by two atoms represents a point 
of weakness or a condition of strain in a molecule. 
In a carbonyl compound, the true covalent multiple 
bonds are regarded as capable of existing in an active 
form in which both atoms have a valence octet (keto 
form), and a reactive form (enol form) in which the 
electromeric displacement (G) of an electron pair 
creates an electron deficit in the valence shell of one 
atom (an open sextet) and an increased electron mobil- 
ity in the other (3). 

0) 
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rs ae a H : 0:(—) 
R:¢:¢C R:C : C (+) 
(Inactive) (Active) 


The electron deficiency of the carbonyl carbon causes 
an inductive effect (—) on the alpha electron pair 


H :0: (—) 
R:C > C (4) 


which in turn causes the alpha carbon to accept a 
greater share in its other electron pairs. 


H :0: (—) 
R:C: C (+) 
H. 
The result is that the a-H atoms can be removed 
more easily in this active form. 


Thus, we can explain the ‘‘alpha effect’’ on the basis 
O 


Vi 
of the electron withdrawal properties of the —C— 
group. It is obvious that this same effect would be 
produced by other electron-withdrawal groups such as 
22 2 
SNES, :$:0:H 
- :09 


and 


Aliphatic compounds containing these groups all show 
a marked activity of the a-H atoms. 
This increased activity might result in incipient 
ionization. 
Oi (-) Tr 


(O|(-) } 
R—CH.- C (+) = ,.]| R—CH—C (+) + Ht (3) 
i - * 
H (-) H 


The anion produced would resonate and could be 
considered in the hybrid form of the two following 
resonating structures. 


(O\(-) J"! 
R—CH=-C (4) 
\ 


iO -1 

Z 
R—CH—C —_ 

- a 
(9) H H 

The association of the H*! with these two forms would 
produce the keto and enol structures shown in equa- 
tion (1). 

This method of representing the ionization seems 
to put the cart before the horse. It is doubtful if the 
a-H atoms are reactive enough to split off spontane- 
ously. It seems more reasonable to assume that the 
activated a-H atoms are pulled off by the eleetrodotic 
oxygen atom of a second molecule of the carbonyl 
compound. 


{Oj (-) [Oo] (-)7> 
(+) =] R-CH—C (+) + 
H (—) H 


2R—CH:— 


|O—H](*) 
R—CH;—C (+) (5) 
\ 
H 


But regardless of which mechanism is correct, the 
fact remains that practically no ionization takes place 
and, therefore, practically no enol is present. It has 
been shown (7) that simple aldehydes, ketones, and 
esters are less than 0.01 per cent enolized. 

However, the electron-withdrawal groups do acti- 
vate the a-H atoms so that they can be easily removed. 
On this basis, we can explain aldolization and other 
reactions without resorting to enolization as a pre- 
liminary step. For example, the treatment of acetal- 
dehyde with a fairly strong base results in the removal 
of an active a-H atom. 


od de 
OH! VA 
cH :CH,—C 
." | \ 
H H 
The aldol is formed by the reaction of the resulting 


anion with a second molecule of aldehyde. 


ol (—) 


+ H:O (6) 


\O7" 
y 


% 


joy" 
Z|) _| 
2 CH.—C es CH;—C be CH:—C 
< | | 
H H 


H 
(7) 


COMPLEX KETO-ENOL SYSTEMS 


The activity of a-H atoms is greatly enhanced by the 
presence of a second or third electron-withdrawal 
group. Acetylacetone (I) and triacetylmethane (II) 
are highly enolized; 76 per cent and 89 per cent, re- 
spectively (7, 8). 


iO 0 
y>. Sy 


gc EIQ 
’ —0O| 


bis, 


(I) (II) 


The electromeric shifts (~~) produce low electron 
densities on the carbonyl carbons. These in tum 
create inductive effects (—) that leave the a-carbon 
with a lower electron density than the a-carbon in the 
simple carbonyl compounds. The a-carbon thus ac- 
quires a greater share of the electrons that bind the H 
atoms to it. Thus the a-H atoms are readily removed 
from the molecule to form an anion 


Oo O} -1 
OI 
(IIT) 


Ke) O} 
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CH;—C<CH.—C—CH; 
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The presence of two electron-withdrawal groups in this 
anion leads to a much greater degree of resonance than 
is present in the simpler anion in equation (5). 

The very high percentage of enolization present in 
compounds such as I, II, and their derivatives (in some 
cases 100 per cent) is no doubt due to their ability to 
form chelate rings (9, 10). The ionized proton can 
obviously coordinate with any one of three electro- 
dotic centers on the anion III. If it coordinates with 
the a-carbon we would have compound I which repre- 
sents the keto form of the compound. If the proton 
coordinates with either of the electrodotic oxygen 
atoms, we will have the enol form of the acetylacetone 
which can be shown in its chelated form IV. 


[O—H---|0 


] | | I 


s 





(IV) 


The stability of this chelate structure, due to its high 
degree of resonance, is undoubtedly responsible for the 
large amount of enol present in this compound and its 
derivatives. 

It is not surprising, of course, to find that triacetyl- 
methane (II) exhibits a higher percentage of enoliza- 
tion than acetylacetone (I). The presence of a third 
electron-withdrawal group creates a very low electron 
density on the a-carbon atom and the a-H atom is 
split off more easily to form the stable chelate struc- 
ture of the enolic form. 

It is interesting to note that if an electron-release 
group, é. g., CHs— or C2Hs—, is substituted for an a-H 
atom in acetylacetone (I) we get a decreased amount 
of enolization; 30 per cent and 26 per cent, respec- 


tively (7). 
> CF Po cy 
CH;—C-CH->C—CH; aa alten 
bu, CH:—CH, 
(V) (VI) 


The electron-release characteristics of the alkyl groups 
increase the electron density at the a-carbon atom and 
thereby make it more difficult for an a-H atom to be 
split off for enol formation. 

Although simple aldehydes, ketones, and esters show 
practically no enolization, their 6-keto derivatives are 
considerably enolized (7). 

re Oo 
| i 
(VII) CH;—C—CH.—C—H 98 per cent 
O O 
| I 
(VIII) cu,—4—cu,—-b—cH, 76 per cent 
O O 


| | 
(IX) oA b—o-Lon, 7 per cent 


Obviously ketones have less tendency to enolize than 
do aldehydes, and the esters have the least tendency to 
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enolize. This order coincides with the electron-re- 
lease characteristics of the —H, —CH3, and —OC,H; 
groups. 

—OC:2H; > —CH; > —H 


The electron density on the carbonyl carbon is pro- 
gressively decreased as these groups are attached to it. 


O O O 
locas Aelia 3 
—C<OC:H; > —C<«CH; > —C<+H 


It is, therefore, apparent that the a-carbon electron 
density in compounds VII, VIII, and IX will vary as 
IX > VIII > VII. Consequently an a-H atom can 
split off to form an enol most readily in VII and least 
readily in IX. 

The foregoing conclusions are substantiated by a 
study of compounds investigated by J. B. Conant and 
Alberto F. Thompson, Jr. (7). 


oO oO 
I d 
(X) CH;—C—CH:—-C—O—C.H;, 7 per cent 
a 
(XI) CH;—C—CH—C-—O—C.2H; 4 per cent 
‘ Effect of electron- 
CH; ' release groups, 
1. e., CHs— and 
C.H;— 


O 
ll I 
XII) CH;—C—CH—C—C—CH; 3 per 
t cent 
C2H; ) 
O 


O 
i I 
(XIII) CH;— —CH—C—O—C:H;s 31 per 
{ cent | Effect of  elec- 


tron-withdrawal 
groups, 4% ¢., 
pe 


O Oo and 








b cu a 
(XIV) CH;—C—CH—C—O—C:H; 67 per | 
{ cent O—C:H; 
C=O ‘ 
O—C:H; 


On the basis of the above discussion we would expect 
diethyl malonate (XV) to exhibit very little ionization 
because of the two ester groups. The value reported is 
less than 0.01 per cent. 


O O 


cu, -0-—C-cn,—Co—ca 
(XV) 


It is not surprising to find that tricarbethoxymethane 
(XVI) is 0.7 per cent enolized. 


buat 
< 
C;H;—O—C—CH—C—O—C,H;s 
C=O 


sored 
(XVI) 


The increase in enolization is due to the electron-with- 
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(0| 
@ 

drawal characteristic of the —C— group replacing 
O 


the a-H atom of XV. 


Vi 
If this —C— group had a CH;— 
O 


VA 
group attached to it, we would have —C—CH; instead 


of —C—OC:H; and we would expect to have a com- 
pound with a higher percentage of enolization. Com- 
pound “XIV with 67 per cent enolization confirms this 
very nicely. 


DIRECTION OF ENOLIZATION 


Barnes and his collaborators (11, 12, 13, 14, 15, 16) 
have found that derivatives of dibenzoylmethane 
(XVII) are esate 100 per cent enolized. 


_H-O| 
ied il d (8) 
a, 


(XVII) 





They also present evidence for the presence of a chelate 
structure. 

The high percentage of enolization is not surprising 
in view of the high electron-withdrawal characteris- 
tics of the two aromatic radicals. Benzenoid struc- 
tures have been referred to as “electron sinks” by many 
writers. 

In a compound such as XVII we would expect to get 
equal amounts of the two resonating chelate struc- 
tures because the two phenyl groups exhibit electron 
withdrawal to the same degree. This would not be 
true, however, in unsymmetrically constructed dike- 
tones. 

For example, let us consider a methoxy derivative of 
dibenzoylmethane. 

O O 
aft? cy 
C<—CH2—> 


Q 9 
CH;—O— 





(XVIII) 


The ionization of this compound would produce the 
anion shown in equation (9). The unshared pair of 
electrons on the a-carbon atom of the anion could form 
a double bond with either carbonyl carbon because 
both tend to become electron deficient through an 
electromeric displacement. The electron-release ef- 
fect of the methoxy group, however, causes one car- 
bonyl carbon to have a lower electron density than 
the other. Thus the unshared pair of electrons will co- 
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ordinate with the right-hand carbonyl carbon of XVIII 
to form XIX rather than XX. 


rea 5 


Even <> 


(XIX) 
cr ao \O 


ie 
cro fk 


(XX) 


Evidence for the presence of a preponderance of this 
enol was obtained by Barnes, et al. They prepared 
oximes of these compounds. 


0---H—O 


I | 
cno-€ yk <> 


| NH-OH 


The oximes were converted to isoxazoles by the loss of 
water. 
-O 


| | 
— ee 
is ge 


(XXT) 


o—_N 
| 
Ho. AD 


(X-XIT) 


It was found that the isoxazole formed was XXI 
rather than XXII. This proved that although both 
enols might be present, there must be a large prepon- 
derance of the enol favored by the group with the great- 
est electron-withdrawal characteristics. 

Further evidence for the corroboration of these con- 
clusions was obtained by preparing other unsymmetri- 


* cally constructed 1,3-diketones and converting them 


into isoxazoles and other derivatives. 
The predominating enols of compounds studied are 
shown in Table 1. 
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TABLE 1 
Compound Literature 
Number Enol Reference 
Oo OH 
XXIII ] | 11 
CEs—0— >—CH=C € \ ” 
XXIV —<Siito (12) 
a 
i : 
XXV (13) 
Ott 
XXVI a Sei 
(14) 
NO: 
XXVII 
be A ae ee —CHs 
(15) 
NO: oO OH CHs 
XXVIII a ee 
| 
CHs (16) 


Compounds XXIII, XXIV, and XXV in Table 1 show 
that the phenyl group has greater electron-withdrawal 
characteristics than the methoxyphenyl, mesityl, and 
3-nitrophenyl groups. Compounds XXVI and XXVII 
indicate that methoxyphenyl has greater electron- 
withdrawal characteristics than mesityl and 3-nitro- 
phenyl. Compound XXVIII establishes the fact that 
the 3-nitrophenyl group has the least electron-with- 
drawal characteristics of the groups in this study. 
The electron-withdrawal properties of these groups 
apparently vary as: 


CH; 
| 
CH; 


cag 
><> 
The electron-withdrawal tendency of the phenyl group 


is reduced because of the electron-release characteris- 
tics of the methoxy and methyl groups. 


yo 


CH; 
9 2 re 


B. fo 
CHO a 
0 
Hs 


The nitro group is an electron-withdrawal group. But 
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because it is located in the meta position it causes an 
increase in electron density at the l-position. The net 
result is that the 3-nitrophenyl group has the least 
electron-withdrawal characteristics of those studied. 
05> = 0 
Nw 


G 


U 


SUMMARY 


Very little evidence exists to indicate that enoliza- 
tion takes place in simple aldehydes, ketones, and esters. 
O 
ii 
The —C— group undoubtedly produces enhanced 
activity of the a-H atoms. Other electron-with- 
drawal groups such as —-NO2z, —SO.OH, and —CN 
have a similar effect. 

In 1,3-dicarbonyl compounds, the a-H atoms are 

O 
: VA 
made so labile by the two —-C— groups that many of 
these compounds show 100 per cent enolization. The 
enol form of the 1,3-dicarbonyl compounds are stabi- 
lized by chelate ring formation. 

Unsymmetrically constructed 1,3-dicarbonyl deriva- 
tives show directional enolization in which one of the 
two possible enol forms will vredominate. The direc- 
tion of enolization, and also its extent, is determined by 
the electron-withdrawal or electron-release character- 

O 


VA 
istics of the radicals attached to the two —C— groups. 
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Ts dramatic war story of fluid catalytic cracking 
supplies the theme for a ‘‘Special Edition’”’ of the 
Kelloggram (M. W. Kellogg Company, 225 Broadway, 
New York, New York). 

This special edition presents the story of fluid cataly- 
tic cracking in three phases: 1, The story in text—an 
analytic narrative of the process’ history and examina- 
tion of the chief reason for its success; 2, The story in 
pictures—an illustrated section including a color dia- 
gram which shows the principles, procedures, and ad- 
vantages of the process, by tracing its operation point 
by point through the sequence shown in the diagram. 
Below the diagram is a textual description, enabling 
the reader to follow the operation step by step. Flank- 
ing the color diagram are photographs of a scale model 
of a commercial fluid catalytic cracking unit, keyed by 
numbers to the color diagram; and 3, The story in 
construction. As evidence of the success of the process, 
the Kelloggram includes an article citing the fact that 
since the war started, slightly over three years ago, 
32 fluid catalytic cracking plants have been built in the 
United States. 


How phenolic resins are used in the fireproofing of 
wood is described in the January number of the Bake- 
lite Review (Bakelite Corporation, 30 East 42nd St., 
New York 17, New York). Another article in the same 
number, ‘“‘Defeating corrosion and contamination,” 
describes the use of vinylite coatings to protect con- 
tainers from corrosive liquids. 


Pure Oil News (Pure Oil Company, Chicago 1, Illi- 
nois) has an excellent informative article on “The C, 
hydrocarbons” by Charles A. Porter. The butanes and 
butylenes are of great significance in present-day ap- 
plied organic chemistry. 


One of the best survey articles we have recently seen 
on glass is one by F. C. Flint in the January ASTM 
Bulletin (American Society for Testing Materials, 260 
S. Broad St., Philadelphia 2, Pennsylvania). 


“New life for old paper” is the principal subject of 
the January-February number of Oil-Power (Socony- 
Vacuum Oil Company, 26 Broadway, New York, New 
York). If you have wondered what happens to the 
waste paper collected in the recurrent drives you can 
find out something about it here. 


The Crown (Crown Cork and Seal Company, Box 
1837, Baltimore 3, Maryland) is a new addition to our 
list. A feature of each number is “The chemist’s 
page,” subjects of which in the last few numbers have 
been: “Papaya products,’ “How the organoleptist 
views beverages,’ and ‘‘CO, stabilization in beer.’’ 


Another subject for the chemist, in the February num- 
ber, is ‘‘Perfumer’s zoo,’ 


’ 


concerned with the animal 
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sources of some of the raw materials for perfumery. 
The following account of ambergris is a sample: 


“As a perfume material, ambergris is in a class of its own. 
In the motley group of animal products, none is more legendary, 
none more valuable. None is better known to the public, 
none less used by the perfumer. Ambergris has been the sub- 
ject of sea-faring tales and cursing captains’ daydreams. 

‘‘Ambergris is a substance developed by the whale, and most 
authorities believe that only the male of the species can give forth 
ambergris. Many theories have been expounded on why cer- 
tain whales produce this valuable material. The theory gener- 
ally accepted is that the whale has a liking for squid (every fisher- 
man has used squid for bait), but the beaks of the squid are in- 
digestible, they irritate the stomach of the whale, and the ill 
animal forms this substance, known as a calculus, which it can 
excrete or which may remain inside the whale and eventually 
cause his death. 

‘The exuded material is lighter than water, and will there- 
fore float, and it has a low melting point, but not low enough to 
cause any disintegration in the hot sun. In fact, the very best 
ambergris is considered that which has been floating for years be- 
fore it is finally discovered. 

“The test for true ambergris is extremely difficult, and in the 
long run becomes a matter for the perfumer rather than the 
chemist. Many lumps of sea matter have been found that some- 
what resembled ambergris, but were rejected by perfumers, and 
subsequent microscopic analyses have shown that they were not 
genuine. 

‘Like the other animal products, ambergris too is a fixative 
of great value, it is long lasting and mellowing. It is used in small 
quantities, in the form of an extract, and its odor has been de- 
scribed as akin to that of labdanum.” 


In the February Dow Diamond (Dow Chemical Com- 
pany, Midland, Michigan) is a good account by Dr. 
Willard Dow of the part which the Dow Chemical 
Company has played in two wars. There are also some 
interesting ramblings by Dr. William J. Hale, extending 
from the establishment of the library at the Midland 
plant to the utilization of alcohol as a motor fuel, and 
other presumed features of the chemical world of to- 
morrow. 


The Electromet Review (Electro Metallurgical Com- 
pany, 30 East 42nd St., New York 17, New York) for 
February has some comments on the uses of stainless 
steel, especially in submarines. 


The Owens Valley, in California, has Jong been an 
important production area for aJkahes. Some of the 
operations used there are descrided ia the February 
Pittsburgh People (Pittsburgh Plate Glass Company, 
632 Duquesne Way, Pittsburgh 22, Pennsylvania). 


You may have wondered how sunken ships (like those 
of Pearl Harbor) are brought to life again. This is told 
in ‘““They’ll sail again,’ in the March Ethyl News (Ethyl 
Corporation, 405 Lexington Ave., New York 17, New 
York). ‘‘Death made safe’’ is another article of more 
particular chemical interest, since it describes how pre- 
mature detonation is prevented in aerial bombs. 
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Trends in the Industrial Employment of 
Women Chemists’ 


LOIS W. WOODFORD 


American Cyanamid Company, Stamford, Connecticut 


ET me quote a sentence from a survey entitled 
‘Professional Workers in War and Peace. An 
Analysis of the Economic Status of the Members of the 
American Chemical Society, 1941 to 1943.” “With 
only 851 females [3.7 per cent of total] reporting in 
1943 it is apparent that the membership of the American 
Chemical Society, when considered as a whole, is pre- 
dominatingly male.’’? Statistically, that statement 
may be accurate, but it does not check with all the 
symposia, surveys, and serious or glamorous articles 
that have been published about women chemists during 
the past five years. Nor does it jibe with a casual ob- 
servation in our own laboratories, where many trained 
young women have taken over work formerly carried 
on by male employees. However, the above-mentioned 
survey contains some very interesting information re- 
garding the current status of women chemists. 

That total figure showing only 851 women reporting 
data in 1943 is surprisingly low, for the number of 
practicing women chemists in 1941 was estimated to be 
about 1500, or some 5 per cent of the total American 
Chemical Society membership. Under normal condi- 
tions approximately 500 women with majors in chem- 
istry were graduated from college each year, but only a 
small percentage actually entered the chemical field. 
After Pearl Harbor this appeared to indicate a reserve 
supply of women qualified to fill the growing number 
of openings on the technical staffs of essential chemical 
industries. The A. C. S. Employment Clearing House 
called hopefully for experienced women chemists, and 
college placement bureaus canvassed their lists of 
women graduates in chemistry, but the response was 
very unsatisfactory. Apparently, those not in chemical 
occupations felt ill-equipped to return to a field that re- 
quires a skilled technique acquired by practice and also 
keeping up with new developments, and those safely 
established in stable positions hesitated to risk the un- 
certainties of a war-created job, though the immediate 
salary increase might be very tempting. 

So it: happened that the well-trained and highly 
recommended women in the chemistry classes of 1942— 
44 have been able to choose the location and type of 
work they desired, and the remuneration was a fabulous 
figure. While on this subject, let me quote again: 
“Over the period 1941 to 1943 significant increases 
occurred in base monthly salary rates at almost all ex- 





1 Address presented before the Sixth Annual Summer Con- 
ference, New England Association of Chemistry Teachers, 
New London, Connecticut, August 26, 1944. 

3 on). Eng. News, 22, 791 (May 25, 1944), and 22, 1084 (July 
10, 1944). 


perience levels.’’ Little is said about salaries for the 
feminine group, but a significant statement appeared 
in an earlier survey :* 


“This situation [differences in professional activities] may 
account also for the marked differences in earnings noted be- 
tween male regular and female regular members. The extent 
of these differences certainly does indicate, however, that a prob- 
lem exists which warrants detailed consideration to determine 
whether or not an improvement could be effected in the eco- 
nomic status of the female regular members in terms of earnings 
capacity.” 


For the immediate present the law of supply and 
demand and the general tendency toward “equal pay 
for equal work” has fairly well taken care of these 
wage discrepancies, certainly in so far as recent gradu- 
ates are concerned. 

Thus, in the five years since a group of students and 
faculty from the women’s colleges met here at Con- 
necticut College with representative industrialists at a 
conference sponsored by the Institute of Women’s 
Professional Relations to discuss the place of technically 
trained women in the chemical industries, abnormal war 
conditions have swung the pendulum to a far extreme, 
and upon the young woman chemist has fallen a serious 
challenge to meet these responsibilities. Her position is 
secure so long as the war lasts. Now our thoughts may 
well turn to postwar questions. Where will the pendu- 
lum stop? What fundamental changes have taken place 
that will determine the long-term policy, the future 
status of scientific women in industrial organizations? 
Obviously, the exigencies of the manpower shortage 
have forced the industrial strongholds and large 
numbers of women have passed beyond the routine 
analytical and control laboratories into industrial re- 
search and in some cases even into plant operations. 
Psychological prejudice of their men associates has been 
broken down, and the crustiest group leader has suc- 
cumbed to the inevitable with the observation that some 
of these women know their chemistry and are ‘‘good 
workers.”” Rationalized objections, laying great weight 
on petty personal qualities that are overlooked in male 
associates, and arguments that liberties of language and 
dress and action are restrained by the presence of 
women, have gone by the board. But that old, in- 
tangible question of personality remains; and if 
personal characteristics are unacceptable, whether man 
or woman, one has to do a great deal better job than a 
competitor to gain and hold the approval of a super- 
visor. The number of qualified women available has 





3 Chem. Eng. News, 20, 1635 (December 25, 1942). 
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failed to meet the growth and replacement requirements 
of many organizations, and the resultant upgrading of 
staff has proved extremely bothersome. 

It has long been the general policy of the American 
Cyanamid Company to employ women in both labora- 
tory and nonlaboratory positions. Dr. Walter Landis’ 
excellent summation of the industrial point of view re- 
garding the place of technically trained women in the 
chemical industries, read at the conference‘ here in 
April, 1939, is well worth re-reading in the light of cur- 
rent conditions and as a guide to future trends. At 
Stamford approximately 30 per cent of our total staff 
are women; about one-third of these, or 16 per cent of 
our professional staff, are chemists, physicists, or 
biologists in laboratory positions. With the exception 
of summer workers, many of whom are undergraduate 
science majors, these women are permanent members of 
our organization, and represent growth in technical 
staff to meet requirements of our current research and 
development program, which is directly or indirectly 
related to the war effort. 

Analysis of our personnel records shows that in the 
five-year period from August, 1936, to August, 1941, 
there was a gradual rise in the number of our women 
workers to a total of about 75, of whom 53 were college 
trained, 16 in laboratory and 37 in office positions. Dur- 
ing the next two years (August, 1941, to August, 1943) 
the total doubled to 150, showing the effect of the with- 
drawal of draft-eligible young men, and in the summer 
of 1944 the figure reached 265. 

Some significant data on turnover among this group 
of 156 college-trained women are summarized in the 
tables shown elsewhere on this page. 

The crux of the whole question, in my opinion, is in 
the above tables. Training of new personnel is ex- 
pensive, and the results of industrial research and pro- 
duction are measured on the profit-and-loss sheet. Call 
it the “‘biological factor’ or a more direct but less digni- 
fied term—matrimonial mortality—this probability of 
short tenure on the job is a handicap for all women in 
industrial work, and makes them potentially less valu- 
able employees than men with equivalent basic quali- 
fications. It becomes more important, of course, in 
higher skilled occupations where comparatively long 
training periods are required. 

Strictly speaking, these young women who have come 
into the laboratories fresh from college have not yet 
earned the right to professional classification. They 
must undergo what amounts to a practical graduate 
training course in the work expected of them, whether 
their specific assignment is in the analytical or the 
physical testing laboratory, as assistants in the biological 
or chemical research groups, or in the development 
division—a vast territory entirely foreign to their 
previous conceptions of laboratory work. During this 
period they are under close supervision and are being 
evaluated as to scientific ability, breadth of training, 
and personal characteristics, in short, for capacity to 
develop as their experience broadens. Frankly, this 

4 Chem. Industries, 44, 502 (May, 1939). 
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current crop falls far short of expectations, and of 
standards set in previous years. We strongly suspect 
that many in this group are more interested in exploring 
the “matrimonial marketplace’ than in assuming 
adult responsibility toward their work and making a 
real success in a chosen career. Under normal condi- 
tions they would qualify only, and none too well, for 
classification as scientific assistants, a group which our 
experience indicates can be filled just about as satis- 
factorily by those with little beyond high-school train- 
ing. 
TURNOVER, 1936-44 


————————Period First Employed 
Prior to Since 
1936 1936 to 1941 1941 t0 1943 1943 Total 
Present Staff 











Chemist 3 21/2* 11 22 381/2 
Physicist 1 6 6 13 
Biologist 8 7 15 
Office staff 2 12 3 & 283 
Total 5 151/2 28 40 881/2 
Released 
Chemist 81/2 8 2 181/3 
Physicist 1 2 3 6 
Biologist 3 2 1 6 
Office staff 25 11 1 37 
Total 371/2 23 7 671/2 
* Changed to half-time work after marriage. 
REASONS FOR LEAVING 
Marriage 0 241/, 16 4 441/, 
Military service 0 3 3 1 7 
Changed position 0 9 2 12 
Health 0 1 1 2 
Continue studies 0 1 1 2 
Total 0 371/2 23 7 671/ 
LENGTH OF SERVICE (August, 1944) 
Released Present Staff 
Over 8 years 0 5 
7 to 8 years 1 2 
6 to 7 years 2 2 
5 to 6 years 2 1 
4 to 5 years 3 3 
3 to 4 years 7/2 71/2 
2 to 3 years 4 
1 to 2 years 25 24 
Less than 1 year 19 40 
671/2 881/2 
Average length of service 1.97 years 2.1 years 


What does the future hold for the very capable young 
woman chemist? Assuming a reasonably sound eco- 
nomic situation, there is no redson to believe that 
management will not continue to use well-qualified 
women in laboratory positions. On the other hand, for 
their own self-interest, it would be well to look a little 
more carefully into the advantages of those disdained 
desk positions. Young men are quite frank to admit 
that they regard laboratory work only as a stepping- 
stone to reach their objective—some line of administra- 
tive activity. The chemical industry is ‘‘big business,” 
and technically trained personnel are needed in every 
department, not only in research and production, in 
patents and literature work, but in technical sales 
service and market developments, advertising, person- 
nel, accounting, and executive offices. Opportunities in 
any of these fields offer a challenge which many find as 
thrilling as any laboratory experiment, and such posi- 
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tions are not the refuge of the unfit; they require ex- 
ceptional background and special qualifications and 
particularly good personal characteristics. For further 
information, read the series of papers given by business- 
men chemists at the Symposium on Industrial Demands 
for Nonlaboratory Chemists at Cleveland last April.® 
Leaders of chemical thought envision a very busy 
postwar world, with new materials now in war produc- 
tion leading the transition to normal peacetime activi- 
ties. Discoveries in medicine and public health, de- 
5 THIS JOURNAL, 21, 269-87 (1944). 
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velopments in aviation, the general acceleration in 
world-wide transportation, better foods, textiles, cloth- 
ing, wider utilization of glass and plastics, synthetic 
rubber with tailored properties—all promise a more 
satisfying mode of living. The chemical world of the 
future will have a place for all who are qualified to take 
a part in its development, but the present tendency 
toward feminine monopoly will be broken. Women 
must face the fact that in a competitive market they 
must offer comparable training and ability and definite 
evidence of an ambition to grow in professional stature. 


Aspects of the Chemistry of DDT 


FRANCIS A. GUNTHER 


University of California Citrus Experiment Station, Riverside, California 


UCH to the discomfiture of the chemist, DDT 
t has become the popularized symbol for dichlorodi- 
phenylérichloroethane, and is understood to designate a 
white, odorless, crystalline material, the crude form of 
which is 71 years old. Unfortunately, dichlorodipheny]l- 
trichloroethane must be regarded as a loose portmanteau 
word and a misnomer, for it may signify any one of 27 
different compounds (1), only a few of which are 
rigidly isomeric. As commonly used, however, the 
letters DDT actually refer to 2,2-bis-(p-chlorophenyl)- 
1,1,1-trichloroethane, I. 





This septuagenerian has been termed the penicillin 
of insecticides, and it may indeed be regarded as one of 
the outstanding accompaniments of the present war (2). 
To it has been ascribed fantastic prowess as an insect 
exterminator. Sufficient of this prowess is true to 
warrant the present report as an attempt to rectify 
some of the prevailing misinformation concerning its 
chemistry and to discuss briefly certain developments 
concerning its chemical behavior as an insecticide. A 
discussion of the entomological and pharmacological 
aspects of the story of DDT is beyond the scope of this 
report; excellent reviews in these two fields may be 
found elsewhere (3 and 4). 

In 1874, Othmar Zeidler (5), a graduate student in a 
laboratory in Strasbourg, synthesized a number of 
organic compounds as a very minor part of his doctorate 
research. In one experiment, by treating one part of 
chloral with two parts of chlorobenzene in the presence 
of sulfuric acid, he readily obtained a pasty mass of 
white pellets, in poor yield. These pellets, upon 
crystallization from alcohol, yielded a small quantity 
of fine white needles, m. p. 105°C., with a fruity odor. 
This condensation product is now known as DDT. 


Zeidler duly published the above facts, indicating 
his compound to be ‘“‘2,2-bis-(x-chlorophenyl)-1,1,1- 
trichloroethane”’ because of the uncertainty regarding 
the exact placements of the two chlorine atoms in the 
aromatic nuclei. The deduction of the remainder of the 
assignment of structure was based upon the work of 
Fischer (6), who had previously synthesized 2,2-ditolyl- 
1,1,1-trichloroethane and degraded it to the known 
para-substituted benzophenone derivative by way of 
the ethylenic intermediate. Zeidler further stated that 
his compound readily lost hydrogen chloride upon re- 
fluxing with alcoholic potash. 

About 1925, the J. R. Geigy Company of Basel, 
Switzerland, a firm devoted to the manufacture of 
dyestuffs and of dyestuff intermediates, began a study 
of the chemistry of the toxicology of rotenone and of 
the pyrethrins, two excellent insecticidal materials. 
Their methodical study enabled them to determine that 
these toxicants apparently acted by virtue of a toxic 
nucleus which was carried to a site of action within the 
insect integument via lipoid-soluble portions of the 
molecule. This verification of an old concept enabled 
Paul Miiller (7), of the Geigy Company, to modify one 
of the Geigy mothproofing agents, p,p’-dichlorodiphenyl- 
sulfone, into a lipoid-soluble material capable of func- 
tioning as a contact insecticide. Miiller performed this 
transformation by substituting for the sulfone group- 
ing a portion of the excellent lipoid solvent trichloro- 
ethane, namely =C—CCl;. The result, of course, was 
DDT, recrudesced after 70 years.! 

In 1939 first reports of this outstanding new insecti- 
cide reached the United States from Switzerland, where 
it had been used successfully to subdue an infestation of 
the Colorado potato beetle. This insect is not particu- 
larly difficult to control, however, and American 
entomologists exhibited very little interest. Addi- 
tional, more spectacular reports of this new insecticide 





1 For the complete story underlyitg this series of investigations 
which resulted in DDT, see LAucsER, P., H. MARTIN, AND P 


Mutter, Helv. Chim. Acta, 27, 892 (1944). 
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appeared, then began to pyramid, and American ento- 
mologists seized upon DDT with a firm grasp. Pro- 
duction in the United States now exceeds 2,000,000 
pounds per month, all under allocation control. 

Though DDT had become such an important com- 
modity, its structure was never unequivocally proved 
but was tacitly assumed upon bases of analogy until 
very recently. Grummitt and coworkers (8), in 1945, 
established the structure of DDT (the principal isomer 
obtained by Zeidler’s procedure) by dehydrochlorina- 
tion to 2,2-bis-(p-chlorophenyl)-1,1-dichloroethylene 
(loosely called ‘‘DDD”’), II, with alcoholic 


Cl 
C=C—Cl 


ac > Cl 
I 


potassium hydroxide; the p-placements of the aromatic 
chlorine atoms in the latter compound were proved by 
its oxidative degradation to the known 4,4’-dichloro- 
benzophenone. In another detailed report the writer 
(9) discusses the complete historical background for this 
apparent oversight of proof of structure, and shows 
that the procedure employed by Grummitt, et al., has 
been the standard one for proofs of structure of nearly 
all the known compounds of the type RX,CH—CX;, 
wherein R is a substituted phenyl and X is a halogen 
(usually chlorine or bromine). In general, the de- 
hydrohalogenation step proceeds smoothly and quanti- 
tatively, whereas the ease of oxidation of the resulting 
ethylenic derivative varies tremendously. As reported 
by Grummitt, e¢ al. (8) and corroborated by the writer 
(9), attempted oxidation of DDT itself under the same 
conditions as above indicated practically no attack by 
the reagents. 

In the usual commercial process for the manufacture 
of crude DDT, the basic procedure of Zeidler (5) is em- 
ployed. This process consists of bringing together two 
mols of chlorobenzene and one mol of chloral hydrate, 
or free chloral, in the presence of excess concentrated 
sulfuric acid as the condensing agent. The reaction 
may be brought about at room temperature, over a 
period of several hours, but the resulting yield is low. 
In the laboratory, increasing the temperature to about 
60°C. results in a better product in a somewhat better 
yield, although the theoretical yield cannot be attained 
by this method because of the very strong main com- 
peting reaction, namely, sulfonation of the chloroben- 
zene. Reaction conditions must be adjusted to minimize 
sulfonation and to favor condensation.? 

In actual commercial practice, the Brothman con- 
tinuous process (10) for the production of DDT is 
utilized. This process consists of the following indi- 
vidual stages: 

1. Reaction of chloral and chlorobenzene with oleum to form 


DDT, its isomers and polymers. 
2. Separation and neutralization of the dissblved DDT 





2 For laboratory methods of preparation see THIS JOURNAL, 22, 
122 and 170 (1945) (Editor). 
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from the oleum by settling, then by water and alkaline washings. 
2. Vacuum distillation and recovery of chlorobenzene sol- 
vent, followed by air stripping of the residual chlorobenzene 
from the DDT. 
4. Cooling and solidification of the DDT, followed by pul- 
verizing, blending with extenders, and final packaging. 


The over-all yield in this process, based upon DDT of 
setting point 88°C., is 95 per cent. 

An unconfirmed newspaper report (11) suggests that 
zine chloride may be a better condensing agent than 
sulfuric acid in this process; preliminary work indicated 
that the zinc chloride treatment yielded a much cleaner 
product in better yield. 

Technical DDT, of setting point 88°C. as obtained 
in the Brothman continuous process, possesses the 
following approximate composition: 


big iss taken ceomweesusve dant. dente 70% 
GP el cictecntcdast ees ngeet ad eas detesdaeas 18% 
OM NING 5 kph doce ees Pele dec ctdddeeadetiasicutede 6% 
“Cite tre-mendieek (umidamtiliad)... oo 6 ces cc scccwcesees 2% 
CI MIEN cs Sine cb Vb icackse ceccccateectenes ie 2% 
(Wiener SMITA 63. SA.bie 6b. Gade bh eW SoA ae eaelaewad 1% 
Mrs ines <kt AN bb a HACRE CHER CERERE CLS cETS weveneewad 1% 


A material of higher setting point would contain a 
greater percentage of actual DDT. 

The 0,p’-isomer, mentioned above, is also loosely 
known as the “ortho-” or ‘‘oily’’ isomer. As will be 
discussed in detail later, this isomer does not dehydro- 
chlorinate, under the influence of alkali, in as straight- 
forward a manner as does DDT. Instead of releasing 
1.0 mol of halogen acid per mol of parent compound, it 
releases 1.1 mols of halogen acid. This type of be- 
havior is not unknown for ortho-substituted halogen- 
containing compounds of this general structure. The 
o,p’-isomer is reported to melt around 40°C. (12). 

Even less information is available concerning the 
chemistry of the 0,0’-isomer and the other commonly 
occurring contaminants in technical DDT. 

Ordinary technical DDT, which varies in color from 
off-shade white to deep gray, and which possesses a 
fruit-like odor, may be partially purified with ease by 
recrystallization from excess ethanol or isopropanol. 
One or two recrystallizations will usually yield a 
crystalline material of m. p. 105°C. In order to secure a 
very pure product, however, it is usually necessary to 
decolorize the material at least, once with charcoal, 
followed by four or five recrystallizations. 

Very pure DDT, obtained in this manner, occurs as 
tiny, glistening, white needles, with no odor, and melts 
sharply at 108-9°C. (corr.). It apparently will sublime 
very slowly, even at atmospheric pressure (12, 30). 

Schechter and Haller (13) reported that a ‘nitrated 
derivative from p,p’-DDT”’ exhibited an absorption 
maximum at 600 my with a minimum at 443 my, and 
they used these values in a proposed colorimetric 
method (discussed on p. 2130) for the quantitative esti- 
mation of DDT. The same type derivatives of p,p’- 
DDD (see above) exhibited maxima and minima, re- 
spectively, of 598 my» and 442 mu. The 0,p’-DDT 
derivative exhibited two maxima, namely, 590 my and 
511 my, and two minima, namely, 558 my and 426 my. 
Work in this laboratory (14) has shown that pure p,p’- 
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DDT itself exhibits a pronounced maximum absorp- 
tion at 236 my with two weak peaks near 221 my 
and 265 my; three minimal values appear at 218 mu, 
226 my, and 263 my. These values were determined in 
95 per cent ethyl alcohol; in cyclohexane, each of the 
values was shifted upward by approximately 3 muy. 
In both solvents ~,p’-DDD exhibited maxima near 246 
my, with no definite minimal values discernible. The 
complete absorption data for DDT and certain of its 
derivatives will be presented in detail elsewhere. 

An elementary, but very important, property of any 
new compound such as DDT is its solubility in a great 
many different solvents. For practicable reasons, solu- 
bility at room temperature is of prime importance. 
Incorporation of DDT into liquid sprays, for example, 
obviously requires a knowledge of relative solubilities 
only at that temperature at which the spray mixture 
will be stored and used. Consequently, there is avail- 
able very little information regarding the solubility of 
DDT at temperatures other than room temperature. 
Only a few solubility curves have been determined (15); 
these apply to a narrow temperature range, and are 
reproduced in Figure 1. 

From this figure it appears that the solubility of 
DDT in 95 per cent ethyl alcohol is low. Actually, 
however, above 50°C. the curve slopes very sharply 
upward, and at 78°C. a given weight of alcohol will dis- 
solve approximately an equal weight of DDT. This 
fact is mentioned because of the widespread acceptance 
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CHLOROFORM; 5, Dioxan; 6, ErHerR; 7, ETHANOL (95 PER 
Cent); 8, PETROLEUM,ETHER (30-60°C.); 9, PyRIDINE. 
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of alcohol as one of the best recrystallizing solvents for 
DDT. 

Campbell and West (16) report the solubilities, in 
grams per 100 grams of solvent at ‘‘ordinary tempera- 
tures,” of DDT in the following solvents: 


Benzene....o0.......-.+--+-- 106 99.5 percent ethyl alcohol...... 4 
n-butyl alcohol............... 8 Kerosene (vaporizing)......... 1l 
tert-butyl alcohol............. 4 ‘Liquid paraffis. 2.05. 0.csceses 4 
MINER 64.04, 9! ck s0's-K ek 6:8 o's 96 Orchard and spray oil......... 5 
Cycléhexanol................ 8 Petroleum ether (40-60°C.).... 6 
Cyclohexanone............... 100 Petroleum ether (100-160°C.)... 10 
IRs & 05 co Nh Ss 68 ae ee 45 Tetrachloroethane............ 56 
Ere OR IRENE Soiarch eres Sela’ cick 52 

PMID wi-dg tle ot. war ees tobias 48 


It will be noticed that some of these values do not 
quite agree with those values in Figure 1, assuming 
“ordinary temperatures’ to mean about 25°C. 

In addition to the above list, the following solubilities 
may be mentioned, in grams per 100 milliliters of sol- 
vent, temperature again unspecified (17): 


Pe a re ae ry Seer Pr eras 31 


a aes Ae eS 3 Rg 2 emery” Me Seah 2 
SP ey ee ete eee rr eT eee re 10 
MN anita a lacs bad 4 <a Nic RES dle SOS eS eC UC att ae 29 
DN IES cock btn vcediceuceeese bc ateussehe ei ve 5-8 
TI isd or h8 ce Dieeeaidotensesdwesteinncs 2-4 
EE ees ccc axd f.ointis e's aie Wala wie eSATA daceae Aas dnle 10 
MEMES S De cigh. bo Pate a des thee bes weta thes + SeRateeene ws a 20 
cd ER ACS << Wn Sm Sarees See OM ame ey Ree g OPS Ne pe 10-14 
I hss. dino -Fiks as ip os WK oo Six aie YOM PE GRR aca A d/ahe areierite 56 


DDT, of course, is insoluble in water, in dilute 
mineral acids, and in dilute alkalies, including aqueous 
ammonia solutions. 

Some of the pioneer work with DDT indicated that 
it was a remarkably stable compound, but actually such 
is not the case. As mentioned previously, it is very 
sensitive to alkaline materials. Furthermore, the pure 
compound also dehydrohalogenates upon heating 
slightly above its melting point. The technical grade, 
which contains appreciable quantities of the heat- 
sensitive 0,p’-isomer, may begin to cleave hydrogen 
chloride as low as 50°C. A temperature of 80°C. re- 
sults in a 90 per cent loss of insecticidal efficacy within 24 
hours (18). Interestingly enough, the heat-induced 
decomposition of DDT appears to be autocatalytic, 
with the liberated hydrogen chloride initiating further 
decomposition. In the absence of excessive tempera- 
tures, the primary decomposition product, DDD, is 
comparatively more stable than the parent compound. 

Fleck and Haller (19) have reported that anhydrous 
ferric and aluminum chlorides, iron, iron oxides, and 
certain mineral materials, such as fuller’s earth, were 
found to act catalytically to eliminate hydrogen chloride 
from DDT and certain of its analogs, yielding the cor- 
responding ethylenic derivatives. Solvents such as 
stearic acid, n-octadecyl alcohol, and petroleum frac- 
tions (b. p. over 100°C.) inhibited the reaction. 

Contrary to the early reports, under summer field 
conditions in southern California where leaf tempera- 
tures may exceed 125°F. and fruit temperatures may 
exceed 135°F. (20), DDT was found to lose its residual 
effect very quickly (21). Usually two weeks were more 
than sufficient to eliminate toxic effects completely. 
Similar experiments performed under winter condi- 
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tions, however, indicated little, if any, loss of toxicity 
over periods of several months. 

These results, and similar reports filtering in from 
other investigators, suggest that ultraviolet energy, be- 
tween 2875 and 3100 A. U.,® may be another catalyst 
for the dehydrohalogenation of DDT, although Gar- 
man and Townsend (23) report that sun-lamp irradia- 
tion does not destroy the effectiveness of DDT as a 
dust. Furthermore, since it is possible to deprive DDT 
of all its toxicity under these field conditions, and since 
DDD is about half as toxic as DDT against certain 
insects (24), it is here postulated that the following 
reaction chain may accompany the field decomposition 
of DDT in the absence of accepted dehydrohalo- 
genators: 


ae H Cl aK > a. 
: l u.v. light 


| - 
cC—c—cl light 


Cl | —HCl “cK > si [0] 
Cl C1 
I Il 
“> 


yeno + 2HCl + CO, 
Cl 
III 


It is a matter of coincidence that this series of reac- 
tions is the same as that used to confirm the structure 
of DDT (8 and 9). As has been shown (25) previously, 
the benzophenone derivative, III, is functionally 
capable of. undergoing several other sunlight-induced 
degradations and rearrangements. Although this 
benzophenone derivative itself possesses no _ toxic 
properties as an insecticide (24), certain of the theo- 
retically possible further degradation intermediates 
possess considerable theoretical toxicological signifi- 
cance. This matter is being investigated thoroughly, 
and will be reported in detail elsewhere. 

From the above results it may be implied that the 
user of DDT as an insecticide should: (a) avoid 
strongly alkaline diluents or strongly alkaline deter- 
gents; (b) avoid contamination of his material with 
active salts of iron, aluminum, and other hydrogen 
carriers; (c) not expect too much from DDT under 
extreme summer conditions; and (d) keep all DDT- 
containing preparations stored in a cool place. 

Certain of the preceding data have been obtained by 
means of bio-assay only, whereas others have been 
confirmed with chemical estimations, also. To date, 
there are four methods extant for the chemical assay of 
DDT and of DDT residues on treated materials. 
These methods are sufficiently different to offer con- 
siderable choice to the prospective user as regards 
range and sensitivity desired. 

The author’s method (26) consists of stripping the 
treated object with benzene, evaporating most of the 
. 


3 Approximate minimal values for summer and winter sunlight, 
respectively, in southern California (22). 
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solvent, and then quantitatively, dehydrohalogenating 
the residual DDT with alcoholic potash, thus liberating 
one molecule of chloride ion per molecule of parent 
DDT. This chloride ion is then titrated quantitatively. 
Unfortunately, as mentioned previously, the 0,p’- 
isomer interferes with this method sufficiently to re- 
quire a blank for all batches of technical DDT em- 
ployed by the experimenter. On the other hand, the 
method will not respond to any chloride-containing 
organic compound that is not functionally capable of 
dehydrohalogenation under the recommended condi- 
tions. The influence of fats, waxes, and other saponi- 
fiable substances in the fruit or leaf strip, and which 
would conceivably interfere with a standard silver 
titration of chloride ion, may be minimized by treat- 
ment of the saponified (digested) mixture with barium 
chloride solution, followed by a quantitative filtration, 
before the titration. Approximately 2 milligrams of 
DDT per sample is the minimum quantity that can be 
determined accurately with this method. 

Hall, Schechter, and Fleck (27) have employed a 
modification of the Winter (28) method for the de- 
termination of DDT in emulsions and other materials. 
This method involves volatilizing the sample to be 
analyzed, burning it in a flame of ordinary illuminating 
gas, and absorbing the chlorine-containing combustion 
products in an alkaline solution of sodium arsenite. The 
resulting solution is then titrated for chloride ion. A 
correction factor, due to a consistent low error of 6 per 
cent chlorine is necessary, and special apparatus is re- 
quired. The major disadvantage of this method, of 
course, is its nonspecificity for DDT or related com- 
pounds; any organic halogen-containing material 
would respond. Details as to range and sensitivity were 
not presented. ; 

Schechter and Haller (13) have described in a pre- 
liminary manner a sensitive colorimetric test for DDT 
and related compounds based on nitration to polynitro 
derivatives, with the production of intense colors upon 
treatment of the nitration products with sodium 
methylate. The derivatives of ~,p’-DDT and p,p’- 
DDD give transient blue colors, while the derivative of 
o,p'-DDT gives a transient violet-red color. This 
method appears to be very sensitive, and it is especially 
noteworthy because it appears capable of determining 
both the total and the relative amounts of p,p’-DDT 
and 0,p’-DDT in mixtures of the two. A number of 
interferences have been found, some of which-would be 
expected to occur or be used with DDT. The obvious 
manipulative disadvantages of this method are that it 
requires extremely careful technique, that completely 
anhydrous conditions must be maintained throughout 
the complicated procedure, and that a skilled, trained 
operator is required to prepare the necessary reagents. 
A theoretical drawback is found in the fact that with- 
out the use of a spectrophotometer, this method will not 
distinguish between ~,p’-DDT and ~,p’-DDD, for in 
this method their absorption maxima and minima are 
practically identical. 

Bailes and Payne (29) have recently proposed a 












242 


method involving the use of the Friedel-Crafts reaction 
upon DDT. Their procedure results in a reaction 
product with a stable orange color. Too little is known 
about this method at present to discuss its possibilities, 
although it looks promising. It is rapid, simple, and 
extremely sensitive, but the matter of interference by 
the other isomers will require further attention. 

From the foregoing review it may be seen that 
actually very little precise information concerning the 
chemical behavior of DDT is available. There is a 
great need for a systematic investigation of the chemical 
phenomena attendant upon the proved decomposi- 
tion of DDT upon exposure to the elements and to 
possible adjuvants in insecticidal compositions; the in- 
hibition of this decomposition must be studied in de- 
tail; and, finally, the mechanism of its toxicological 
action should be investigated, for it is not likely that 
the mere liberation of hydrogen chloride at the site of 
action would account for its amazing efficiency. 
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Recent Chemical Patents 





WILLIAM S. HILL 


Member, Examining Corps, United States Patent Office 


CHEMICAL PROCESS OF REMOVING FOLIAGE FROM LIVING 
PLANTS 


Readers of Life magazine, February 19, may re- 
member pictures of an airplane spraying large cotton 
fields with a chemical which caused the foliage to drop 
off the plants. This exposed the lower bolls to sunlight 
and made picking easier. In the case of cotton, de- 
foliating also deprives the boll weevil of his food supply 
just before he goes into hibernation. 

Under natural conditions, plants drop their own 
leaves in order to rid themselves of injured leaf tissue. 
The plant forms an abscission layer of weak meristema- 
tic cells across the base of the petiole of the injured leaf. 
With only the vascular bundles left intact, any slight 
breeze is enough to disengage the leaf. 

The present patent provides the basis of the process 
illustrated in the Life photographs referred to and is 
founded on the natural phenomenon indicated in the 
preceding paragraph. A series of chemicals can be ap- 
plied to the leaf which will injure it sufficiently to cause 
the formation of an abscission layer, and at the same 
time the rest of the plant is not killed. 

Without listing all the substances mentioned in the 
patent, it has been found that the most effective chemi- 
cals are free cyanamide, calcium cyanamide, cyanamide 
salts generally, thiocyanates, and cyanates. They may 
be applied as dusts or, better, in aqueous solutions or 
dispersions. Hygroscopic agents such as calcium chlo- 
ride may be included so that the necessary moisture 
may be derived from the atmosphere. From 10 to 150 
Ib. of the defoliant per acre have been found to be 
effective. 

The defoliant process is suggested for use with many 
plants such as the guayule shrub, an important rubber 
producer, as well as citrus fruit trees, string beans, and 
soya beans. 

No. 2,368,274. Robert E. Torley, Greenwich, Con- 
necticut. 


MANUFACTURE OF CUPRIC CHLORIDE 


The process embodied in this patent can best be de- 
scribed with the aid of the accompanying diagram. 

The tower A may be composed of glass or chemical 
stoneware. The tower is provided with dividing per- 
forated plates 1 to 5. Between the plates is suitable 
packing, such as Raschig rings or glass beads. In the 
top compartment above plate 5 is copper in the form of 
wire, clippings, or shot. 

To perform the process chlorine is introduced through 
conduit 6 into the bottom of the tower. Steam is intro- 
duced through conduit 7 to raise the temperature high 
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enough to start the reaction and also aid in maintaining 
the solution at suitable working temperature, although 
not much extra heat is needed. 
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When the chlorine is first passed into. the tower cop- 
per reacts with the chlorine, forming CuCh. The hot 
cupric chloride solution reacts with more copper, 
forming some cuprous chloride. As this cuprous chlo- 
ride descends through the tower ittis almost completely 
changed to CuCl: by the ascending chlorine gas. The 
resultant saturated solution of CuCl, is drawn off at the 
bottom and run into a crystallizing tank. Crystalliza- 
tion is aided by addition of HCl. 

If cuprous chloride is desired, liquid may be with- 
drawn from the top of the tower. On cooling, some of 
the cuprous salt will crystallize out. 

No. 2,367,153. Carl F. Swinehart, et al., University 
Heights, Ohio. 


CHEMICAL ANALYSIS BY A RADIOMETRIC TITRATION 
METHOD 


Although various electrometric titration methods are 
in common use, a method which makes use of radio- 
activity is still a rarity. 
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The value of the present method lies in its accuracy 
with very dilute solutions. Where the original solu- 
tion to be analyzed does not contain a radioactive 
element, a radioactive reagent is utilized. As the re- 
agent is added in small increments the radioactivity 
of the resultant solution is measured. As long as the 
reagent constitutes a portion of the precipitate the 
liquid is not radioactive. The liquid only becomes 
radioactive when the end point is reached. 

Where an element in the original solution is, or may 
be made, radioactive a nonradioactive precipitating 
reagent is used. In this case radioactivity decreases 
as the reagent is added and at the end point radio- 
activity becomes zero. 

Where both original solution and reagent are radio- 
active the end point is the point where addition of an 
increment of reagent results in a marked increase in 


radioactivity. 
as 
£ 


Amplifier 


























The figure shows suitable apparatus. The con- 
tainer 5 holds the solution 7 which is being analyzed. 
The reagent is added from buret 9. Measurement 
is made by observing ionization produced by radio- 
active disintegration in a gas at low pressures. An 
inert gas such as argon is placed in evacuated tube 13. 
Wire 15 extends through the tube and is encircled by 
conducting shell 17, which may be a coating on the 
container wall. 

The solution is drawn up through porous plug 23 so 
that it fills jacket 19. 

A potential is impressed between shell 17 and wire 
15, and when radioactive reactions produce ionization 
in the container current impulses flow between shell 
and wire. These impulses are impressed on the input 
circuit of thermionic amplifier 27 and the output ener- 
gizes a meter 29. 

A measurement is made after each addition of re- 
agent, the liquid being returned from jacket 19 to con- 
tainer 5 after each reading is made. The readings are 
plotted, and the end point is indicated by sharp changes 
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in direction of the curve as in many other electrometric 
methods. 

No. 2,367,949. Alois Langer, Forest Hills, Pennsyl- 
vania. 


UNITING GLASS TO METAL BY A SOLDERING OPERATION 


The new type of window unit which consists of two 
parallel panes of glass spaced apart and hermetically 
sealed by means of a metal frame has received a great 
deal of attention recently, since it cuts down heat losses 
in homes and other buildiags. Trademarked with 
such labels as ‘“Thermopane,”’ this new type of window 
has been hailed by the architectural world as a great 
advance since it can be used almost any place an ordi- 
nary window is used. Being hermetically sealed it is 
both nonfogging and dust free between the planes. 

This improvement depended upon a seemingly simple 
problem—how to seal the metal frame to the glass. 
A nondeteriorating structure called for a direct glass- 
to-metal seal. Glass-to-metal seals were not unknown, 
since every light bulb has one. But these are made 
while the glass is very hot. To make the new window 
unit a glass-to-metal solder had to be developed. The 
problem was successfully solved by the present inven- 
tor who patented the alloy of 1.75 to 2.25 per cent 
titanium, 0.40 to 0.60 per cent chromium, and the bal- 
ance copper. This improves on a previous patent to 
the same inventor by adding the chromium. 

No. 2,369,350. Charles D. Haven. Toledo, Ohio. 
(Previous patent was No. 2,293,822. 


PHOTOGRAPHIC LATENT IMAGE INTENSIFICATION WITH 
SULFUR DIOXIDE 


Various means are known for intensifying photo- 
graphic latent images. Ammonia fumes and _ post- 
exposure treatment with safe lights have been used. 
Hypersensitizing the unexposed light-sensitive emul- 
sion with mercury vapor is also known. Treatment 
of the exposed emulsion with heat and humidity has 
been patented. 

An intensification process is of value in salvaging 
under-exposed films such as motion picture films. 
Films can thus also be used under light conditions 
which normally would be thought inadequate. 

In this process the film is exposed and then subjected 
to the intensification treatment. This is performed 
by exposing to sulfur dioxide gas, which may be gener- 
ated from sulfuric acid and sodium sulfite. 

When the entire surface of the film was exposed 
to the gas, a treatment of three hours increased the 
speed of the film nearly 300 per cent. Longer exposure 
increased this still more. Color film so treated was 
found to have gained the equivalent of one full camera 
stop with no loss in color balance. 

No. 2,368,267. Norman L. Simmons, Hollywood, 
California. 
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Eradication, Erasure, and Obliteration— 
Intentional and Accidental 


SIDNEY H. ROBERTS 


Aetna Life Insurance Company, Hartford, Connecticut 


A the many extracurricular chores of a chemist 
in any business organization the deciphering of 
alterations in written materials at some time becomes 
important. This is particularly true in a semi-mail- 
order business such as life insurance, for the hand- 
written application becomes the legally binding con- 
tract and any changes from the original manuscript 
are viewed with suspicion. The obvious solution—a 
new contract—is time consuming and embarrassing, 
so methods of reading the original writing have been 
devised. 

Most of the questions on an insurance application are 
straightforward and, if a ‘‘No” is discovered written in 
over an obvious erasure, it can be safely assumed that 
“Yes” was erased. This kind of erasure-correction 
causes no undue worry, but the type of erasure that 
does start wheels rolling is changes in data of under- 
writing importance—facts of weight, height, and 
medical history. These are particularly important 
when the data remaining in view do not check with the 
data from other policies in the company files on the same 
applicant or, even more condemning, with data from 
accident policies on which the applicant has recently 
collected! 

The equipment necessary for erasure-eradicator 
studies is simple—two beakers and a burner will suffice. 
Of course, to increase the batting average, more equip- 
ment must be obtained. A good hand lens, a light box 
for transmitted light, a light source for reflected light 
that can be controlled as to angle of incidence, colored 
filters—particularly a red and a blue—of cellophane, 
gelatine, or glass, a camera capable of taking pictures 
at least actual size with panchromatic as well as color 
blind process film, a source of ultraviolet light, and such 
other useful materials as can be collected are very help- 
ful. No holds are barred and all tackles are permitted! 
The idea is to read what was originally written and 
leave the form as nearly as it was when done. This makes 
chemical treatment a last resort to be used only when 
all the visible and photographic methods available 
have been tried; then chemicals should be applied by 
fuming or steaming the’document in the fumes. Most 
eradications with the two-bottle type chemical eradica- 
tor are smeared badly by bottle No. 1 (the acid) before 
being bleached by bottle No. 2. When redeveloped, 
the smear is redeveloped also, but usually the writing 
stands out clearly because the paper fibers absorb 
the original ink deep into the paper structure. 

The routine adopted is first to read over the paper in 
question, making some mental note of the context, the 
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handwriting, and the color of the ink used. Then 
with a strong oblique light, in order to augment any 
writing by “‘ridge shadows” from the scratches of the 
pen on the paper surface, the erasure is studied with a 
hand lens. If chemical ink eradicators have been 
used—which is usually apparent because of the changed 
color of the paper surface or the characteristic odor— 
the document is scrutinized with the hand lens under 
various colored lights. The old photographic axiom, 
“there are three primary colors, red, green, and blue, 
any one of which absorb the other two—as will yellow,” 
is mumbled at this time as a sort of reminder that a 
red light intensifies blue ink and a yellow light removes 
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CHEMICAL ERADICATION OF PERTINENT INFORMATION AGAIN 
MADE READABLE BY FUMING 














ERASURE FOUND TO BE TYPOGRAPHICAL ERROR BY ENLARGE- 
MENT OF PHOTOGRAPH TAKEN WITH OBLIQUE LIGHT 


yellow stains. Then, if the writing is still elusive, the 
ultraviolet light (Mineralite) is turned on and the 
erasure examined closely. Red inks and most green 
inks will fluoresce under the ultraviolet, but blues 
usually remain invisible. An exposure of five minutes 
at three inches from the light source makes oxidation 
certain as a preparation for chemical treatment. 

The present fuming routine is used only because it 
works best of the eight or nine methods tried. Twenty- 
eight per cent ammonium hydroxide is boiled in an open 
beaker and the eradicated portion well fumed with the 
damp ammonia gas. Then the fuming is repeated with 
ammonium sulfide vapor in the same manner by boiling 
ammonium sulfide in an open beaker. This treatment 
gives the minimum change to the paper stock and the 
written material while it usually brings out any ink 
that has been eradicated. The writing is then either 
photographed or photostatted, for this redeveloped 
image is fugitive. The whole process, with luck, can 
be done in a half-hour and the business routine not too 
badly upset. 

In the case of nonchemical erasures, especially 
erasures of typing or pencil writing, the method of at- 
tack is different. Enlarged photographs using oblique 
lighting of various wave-length bands dependent upon 
the color of the paper and ink is about all that can be 
done by the amateur. Often a good logical guess by a 
person well grounded in crossword puzzle technique is 
more useful than an hour’s work with “the sciences.” 
The effect of the pressure of writing on paper fibers is 
sometimes enough to cause differential solubility of 
solvents in the paper and an increased wetting of the 
fiber under the original writing makes reading possible. 
Fuming with iodine vapor may help, but whatever is 
tried must be used with caution in order to leave further 
trials possible. 

Typographical errors, subsequently corrected, are 
disappointing when finally solved. In one case a child 
that had been declined for insurance because he was 
underweight upon original application, a month or so 
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later showed an erased and corrected weight that was a 
pound within limits. The past history, the erasure, 
and the borderline limits of the data made the whole 
insurability doubtful. An enlarged photograph (24 
times) was made using oblique light. This clearly 
showed, to one familiar with the typewriter keyboards, 
that the 99 had originally been struck with shift key 
down and registered as ((. 

Another interesting erasure solved with photography 
alone involved the change in registration number of a 
certificate for 100 shares of stock. This was certainly 
not a typographical error, but a deliberate attempt at 
fraud. By the use of light of a suitable color to in- 
tensify the light purple ink used and an intense light 
from the side (150-watt projection bulb with 2-inch 
condensing lenses) an enlarged photograph was made 
which clearly showed that the figure 4 had been con- 
structed from a 1 and the 0 from either a 9 or a 6. 
As this was a “hurry-up job” enlarged prints had to be 
made from the enlarged negative while the negative 
was still wet (glycerin sandwich). This necessary 
haste caused some frilling and reticulation of the nega- 
tive which is evident in the illustrating photographs. 
The final print (16 X 20) showed the changes so plainly 
that the claim was quickly settled within two hours. 
If the whole document had been enlarged in the same 
manner, it would have extended well over 40 feet on a 
side. 

Another interesting deciphering task involves letters 
from prisoners of war which have been deliberately cen- 
sored, usually for psychological reasons, by the enemy. 
This sort of problem is the most aggravating and, if just 
a hint of what was destroyed is discovered, the most 
soul satisfying. The paper given our soldiers who 
are prisoners seems of two general types, either a high- 
glaze paper that would immediately show any attempt 
at secret message writing, or a soft, fibrous paper which, 
by change in surface texture, would make any hidden 
writing visible. Both types are scientifically chosen to 
block the attempts of anyone to read anything but the 
message allowed to pass by the enemy censor. If the 
censoring is done with a razor it is complete, but, if 
it is merely a painting-out, there is a slight hope of 
deciphering what was written beneath the paint. 
One type of censoring paint the Germans are using is 
slightly soluble in butyl carbitol. By patiently wash- 
ing the paint off with cotton swabs wet with the solvent 
and then carefully applying acetone, the fibers under the 
writing will swell and the letters can (at times) be care- 
fully picked out. Any aqueous solutions or ‘‘wet” 
solvents must be avoided or all the writing will wash off. 
One of the red waxy censoring materials also used by 
the Germans is soluble in benzene. This is the easiest 
of all—dunk and read! The big surprise comes upon 
reading what was obliterated! ‘Watch the mails for 
further news,” ‘‘We are all learning shorthand in our 
spare time,’ and such innocuous statements have ap- 
peared under the paint. To the family who has only 
three other lines of writing from their soldier, even this 
is very important to know. It is always best to make a 
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good photographic print of the original before any work 
is done on it and to make no guarantees of success! 
The use of ultraviolet and infrared light for photo- 
graphing the censored section with suitable film has 
not proved successful. The paints used are all very 
absorbent of the wave length available with ordinary 
sources and the censored writing stays censored. If 
the censoring is done with ink, a careful use of a chemi- 
cal ink eradicator diluted well and watched under a 
yellow filter usually helps in guessing at the words in- 
volved. A translation, rather than a transliteration, is 
sometimes possible, particularly where the original 
handwriting is impossible to read at its best. 


SUMMARY 


Discussion 

Ink is composed of an iron compound, a dye, mix- 
tures of the two, or mixtures of the two and protective 
salts. 

Eradicators are composed of an iron-“‘bleaching”’ 
chemical such as oxalic acid or other acid and a dye- 
bleaching compound such as sodium oxychloride or 
some organic chlorine-freeing compound (as Dakin’s 
solution, etc.) or a peroxide. 

Paper, besides the cellulose fibers, may contain fillers 
such as starch, clay, resin, alumina, etc., and chemicals 
to maintain whiteness as bisulfite, barium sulfate. 

Any writing with subsequent erasure makes definite 
changes in the physical and chemical constitution of the 
paper which may be treated to detect the fact that 
writing has been erased or to render again readable 
that which has been changed. Such residues and 
changes in or on the paper are: 


Scratches on the paper surface. 

Iron residue from ink. 

Colorless residue from ink-dye. 

Residues from the eradicator (COOH)e2, NaCl, NutOOCCHs3, 
etc. 

Changes in refractivity of the paper fiber. 

Changes in fiber absorption rate due to increased wettabil- 
ity of paper at point of maximum chemical activity of 
ink and eradicator. 

7. Changes in absorption of light of various wave lengths by 

chemically changed paper fibers. 


mehr 


Or 


Methods of Attack 
A. Physical 
1. Visual 


a. Scratches on paper surface observed with oblique 
light—‘‘valley-hill-shadow”’ method. 
b.. Disrupted cellulose fibers observed with oblique 
light and lens. 
c. Transparency changes of fibers observed with 
transmitted light. 
d. Stain residue examined with colored light 425, 
525, 650 (and K.). 
e. Stain residue examined with ultraviolet light 2540 
A,X. 
2. Photographic 
a. 5 above. (Also, if film available, with infrared.) 
B. Chemical—Methods leaving paper unchanged after treat- 
ment. 
1. Fume with Ip. 
2. Fume with NH. 
3. Fume with H,S. 


4. Fume with steam. 
5. Fume with NH,SCN. 
6.° Fume with (NH,).S. 
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ALTERATIONS IN SERIAL NUMBER DISCLOSED BY PHOTOGRAPHY 
Usinc LIGHT OF SELECTED COLOR AND SUBSEQUENT ENLARGE- 
MENT OF THE SECTIONS INVOLVED (5 X 3 AND 40 X 5) 


Methods That Show Most Success 

A. Ultraviolet fluorescence of red inks and red-blue 
ink mixtures, and of some blue inks, makes this method 
first choice after visual examination. 

B. Fume with NH; followed by (NH,)2S—as this 
leaves the paper unchanged and the eradication eventu- 
ally fades. 

C. Differential absorption due to chemical changes 
of paper fibers. 
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D. Chemical treatment with tannic acid-ammonium 
thiocyanate mixtures and exposure to ultraviolet after 


drying. 
Discussion of Findings 

Single-bottle eradicators are the easiest to recover, 
as the ‘‘smear’’ action of the nonbleaching bottle is 
eliminated. With the stains left by the two-bottle 
type there is no more reason for the writing to come 
back than for the ‘‘smear.”” Modern inks are dyes that 
oxidize rather completely and may even fade under the 
ultraviolet lamp. Red inks are more difficult to 
eradicate, and, unless badly smeared by being eradi- 
cated soon after writing, leave a fluorescing residue. 
The method of choice is still to know from the context 
what must have been erased. Soft papers into which 
the original ink has penetrated give the least smear. 
Rewriting over the erasure and writing on the reverse 
side of the paper add complications to any attempt to 
use chemicals in solution. Fuming with ammonia and 
then with ammonium sulfide or hydrogen sulfide in the 
presence of steam is the best chemical means of treat- 


A Ten-week Course 
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ing paper where the smear of solutions is prohibited. 
The paper remains fundamentally as it was before 
treatment and the erased writing usually develops dark 
enough for reading and a photographic record. 

Writing that has been obliterated with paint or 
paint-like substances may, at times, be read by trans- 
mitted light if the paper is made translucent by dry 
carbon’tetrachloride or some other dry solvent. Cau- 
tious swabbing with tufts of cotton wet in suitable sol- 
vents may result in the removal of the covering pigment 
entirely. Such liquids as are used must be dried before 
use by contact with drying agents in order to keep ink 
solubility at a minimum. Rectified turpentine, ace- 
tone, ether, xylene, carbon tetrachloride, butyl car- 
bitol, and amyl acetate make a good collection of sol- 
vents which are usually available. Photography has 
not proved of much aid, as most censoring pigments are 
chosen with photography in mind and absorb light of 
the available wave-length range. The combination of 
soft paper, poor handwriting, short disjointed sentences, 
and a methodical German censor is almost impossible to 
beat—even with a logical guess. 


in Quantitative Analytical Chemistry 


‘LAURENCE D. FRIZZELL 


Northwestern University, Evanston, Illinois 


NE of the temptations the quarter system offers is 
to allow only one quarter for the necessary courses. 
Many schools of medicine and engineering require or 
strongly recommend a course in quantitative analytical 
chemistry and usually expect the course to produce a 
student skilled in the art and informed in the science. 
So much in so little time makes one wish it could be 
done by inoculation. . 

The acquisition of the skill needed to conduct quan- 
titative analytical work is training rather than teaching, 
and students must submit to discipline as they would 
when learning to play a musical instrument. The 
knowledge of chemistry needed to understand the lab- 
oratory work must be active knowledge that can be 
used when needed, not knowledge to which one refers 
in notes or books. Such training is more satisfactory 
when done slowly over a long period of time, such as a 
school year. An efficient, intensive course is needed 
when it must be done in 10 weeks. 

The course described here endeavors to meet these 
requirements. It was also necessary to arrange the 


course so that two other groups of students could con- 
tinue the study of quantitative analysis. One group 
continued with a quarter devoted to the use of instru- 
ments in quantitative analysis, and another group had 


the course in instruments and a third quarter of quan- 
titative analysis taken before the course in instruments. 

The work was divided into lectures, laboratory, 
problems, and examinations; two hours of lectures, six 
hours of laboratory, in two three-hour periods, and 10 
problems a week, two hour-examinations, and a final 
examination of two hours. Lectures were carefully 
prepared lessons on theory, practice, and problems. It 
was considered that a few general principles and meth- 
ods well learned were better than many poorly assimi- 
lated. Each topic was considered in the lecture and 
problems before the laboratory exercise. The work 
covered in lectures, problems, and laboratory was given 
in examinations with no required additional study in 
textbooks. A textbook was recommended but students 
were requested not to use the text until the concise 
presentation of a subject had been completed in the 
lectures. 

Laboratory facilities provided one balance for two 
students. Two groups of 25 each worked on a carefully 
organized schedule which allowed ample time for those 
who worked diligently. No make-up periods were used. 
It was convenient to have an assistant whose special 
duty was, the supervision and correcting of laboratory 
work and problems for one group of 25 students. 
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Many teachers consider gravimetric analysis the 
proper subject to begin the study of quantitative ana- 
lytical chemistry. The care and thought needed for 
the preparations and measurements teach the student 
the significance of quantitative work more effectively 
than any other method of teaching. The care and use 
of the analytical balance should be the first lesson the 
student learns. When the work begins with volumetric 
methods so little attention is given to weighing that a 
sufficient knowledge of how to weigh an object is never 
acquired, or the student must unlearn later and begin 
properly when confronted with the careful weighing 
needed for gravimetric analysis. 


Period Due 
The Schedule of Laboratory Work Group Group 
Exercises f II 
Preparation of a reagent chemical, oxalic acid 1 2 
A study of the analytical balance 2 3 
Determination of water in the unknown 7 8 
Determination of barium in the unknown 9 10 
Determination of chlorine in the unknown 10 11 
Preparation and comparison of 0.1 N sodium hydroxide and 
0.1 N hydrochloric acid solutions 11 12 
Standardization of 0.1 N sodium hydroxide solution 12 13 
Determination of oxalic acid in the reagent prepared in the 
first exercise 13 14 
Determination of oxalic acid in the unknown 14 15 
Standardization of 0.1 N hydrochloric acid solution with 
sodium carbonate 15 16 
Determination of sodium carbonate in the sample of soda ash 17 17 
Preparation and comparison of 0.1 N potassium dichromate 
and 0.1 N ferrous ammonium sulfate 18 18 
Determination of iron in iron ore 19 19 


All the work except the first two exercises was graded 
by considering an accuracy and precision of 3 parts per 
1000 or better as the maximum grade. 

At the first period both groups began the preparation 
of a reagent chemical and Group II continued this work 
during the second period. The preparation required 
one period but many students with little manual ability 
needed more time. It had to be completed and ana- 
lyzed in a subsequent exercise in acid-base titrations. 
This exercise confronted the student immediately with 
the nature of his ability and enabled him to improve it 
under circumstances where losses were not irreparable. 
Impure oxalic acid was crystallized once from a 3 NV 
hydrochloric acid solution and twice from water until 
chloride free. The student prepared a 25-ml. Gooch 
crucible with an asbestos mat covered by a Witt plate. 
A 15-g. portion of impure oxalic acid was used and the 
student had to prepare 1 g. or more of the pure oxalic 
acid. 

Group I devoted the second period to a study of the 
analytical balance. The sensibility of the balance for a 
20-g. load was determined and a table constructed to 
convert rest point differences from 0 to 1.5 pointer 
scale divisions into milligrams to apply to the weights 
upon the balance pan. Rest points were determined by 
the method of swings and chainweight balances were 
used. Most of the objects used in the gravimetric work 
weighed about 20 g. Two 15-ml. porcelain crucibles 
and covers were then weighed and these weights were 
used in the determination of water in the unknown. 
Each student was given an unknown prepared by 
mixing sodium chloride and barium chloride dihydrate 
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in a ball mill. The unknown was ground and exposed 
to the air by the student as an example of the impor- 
tance of preparation of the sample for analysis. Water, 
barium, and chlorine were determined. Two deter- 
minations of each were required. 

At the third period Group II studied the analytical 
balance. The groups alternated through the gravimet- 
ric work. All students were doing the same work by 
period 17 and finished together. 

The determination of water in the unknown included 
the determination of the weight of the sample by two 
methods. Thus the student was able to judge imme- 
diately the quality of his work. The sample was 
weighed by difference from a weighing bottle and the 
same sample was weighed directly in the crucible. The 
use of a weighing spoon as described by W. C. Pierce 
and E. L. Haenisch,' saved much time. A spoon that 
held about one-half gram of the above unknown was 
satisfactory. 

The schedule was arranged so the barium sulfate and 
silver chloride precipitates stood overnight. This pro- 
duced precipitates that filtered satisfactorily. The bar- 
ium sulfate from a 1-g. sample was ignited 90 minutes, 
then 30 minutes in a covered 15-ml. crucible with an 
ordinary Bunsen burner. The silver chloride from a 
0.5-g. sample was collected on a 21-mm. filter paper in a 
Gooch crucible and dried at 130°C. 

A solution of carbon-dioxide-free sodium hydroxide 
was prepared such that 10 ml. of the solution diluted to 
1 liter made a 0.1 N solution, and each student pre- 
pared his own solution from this concentrated solution. 
This solution was used for all the subsequent acid-base 
work. The comparisons were made by measuring 25 
ml. of the 0.1 N hydrochloric acid in a pipet and titrat- 
ing with 0.1 NV sodium hydroxide solution from a buret. 
This taught the proper use of pipet and buret at the 
same time. Five or more comparisons were required 
and the rules for rejecting results were applied. The 
sodium hydroxide solution was standardized with po- 
tassium acid phthalate. Three results for standardiza- 
tions and determinations were always required. 

The oxalic acid in the reagent prepared in the first 
exercise was determined by the use of the standardized 
0.1 N sodium hydroxide solution. The results were 
such that a maximum grade was given for work with a 
precision of 3 parts per 1000 or better and a value for 
oxalic acid of 99,5 per cent to 100.5 per cent. The 
oxalic acid unknown was a mixture of oxalic acid and 
sodium chloride ground in a ball mill. 

The 0.1 N hydrochloric acid solution was standard- 
ized with reagent sodium carbonate, using methyl 
orange as indicator and the method of aliquot parts. 
Blanks were also determined. Consistently satisfac- 
tory results were obtained when the sodium carbonate 
reagent was heated for an hour or more shortly before it 
was used. The normality of the 0.1 N hydrochloric 
acid solution from this standardization was then com- 


(Continued on page 252) 


1 “Quantitative Analysis,” Second edition, John Wiley and 


Sons, Inc., New York, 1940, page 25. 





Out of the Editors Basket 


SHARP increase in the 1945-46 program for 
production of synthetic rubber in the United 
States is necessary in order to meet military and essen- 
tial civilian transportation requirements, it has been 
announced by the Rubber Reserve Company, a sub- 
sidiary of the Reconstruction Finance Corporation. 

At the same time, the Rubber Reserve Company 
reported that United States production of synthetic 
rubber in 1944 totaled 763,255 long ;tons, a figure ex- 
ceeding the average annual tonnage of naturdl rubber 
consumed in this country during the prewar years 
1937-41, inclusive. 

Production scheduled for 1945 is, in round figures, 
1,000,000 tons, or 31 per cent more than last year, and 
for 1946, 1,200,000 tons, or 58 per cent above 1944 pro- 
duction. These amounts exceed average annual world 
consumption of rubber in the 10 years preceding the 
outbreak of the war. Largest world consumption for 


any prewar year was 1,108,000 tons in 1939. To reach 
the wartime goals ahead, the Rubber Reserve Com- 
pany will be obliged to increase production to 130 per 
cent of present rated capacity by mid-year and, to 
meet the 1946 goal, production must be jumped to 
145 per cent of present rated capacity. Above-ca- 
pacity operations are possible because research, scienti- 


fic development, and operating experience have led to 
many refinements in production techniques. 

In winning the race against time to establish a new 
synthetic rubber industry in this country before crude 
rubber stocks have become exhausted, the Rubber Re- 
serve Company and 47 chemical, rubber, petroleum, 
and industrial companies operating 51 plants have co- 
operated in solving difficult technical, engineering, and 
production problems. _ 

While current consumption in the United States 
will this year top all previous records, the Rubber 
Reserve Company reports that the production goals 
can be reached provided: 

1. Adequate supplies of petroleum, alcohol, and 
chemicals are made available. 

2. Plant additions and improvements representing 
approximately 3 per cent of the initial cost of the plants 
are made. 

3. A sufficient body of technically trained and 
skilled men is made available to operate the plants at 
these higher rates of production. About 22,000 work- 
ers are currently engaged in the Government program. 

The switch-over of American industry from natural 
rubber to synthetic rubber has been accomplished 
since the Japanese, early in 1941, seized 90 per cent 
of the world’s natural rubber-producing territory. 
In 1942, natural rubber represented 96 per cent of all 
rubber consumed in this country. During 1945, 
natural rubber will constitute only 15 per cent of the 


total. 
While the United States has carefully husbanded its 


stock of crude rubber, the need for even tighter con- 
servation is great, as the following statistics covering 
imports, consumption, and the year-end stockpile of 
natural rubber indicate: 


U..§. 
Consumption 


437,000 


592,000 
648,000 


U. S. Imports 
(Net) 


406,000 
486,000 
811,000 
1,023,000 
271,000 
34,000 
98,000 


Year-end Stock 


231,000 
125,000 
288,000 
533,000 
422,000 
139,000 

93,000 


Year 


1938 
1939 
1940 
1941 
1942 
1943 
1944 


775,000 
376,000 
317,000 
144,000 


Meanwhile, synthetic production has mushroomed, 
as the following figures indicate: 


Production 
(In Tons) 


24,000 
234,000 
763,000 

1,000,000* 
1,200,000* 


Year 


1942 
1943 
1944 
1945 
1946 


* Production scheduled 


e@ Approximately 460,000,000,000 matches will be 
produced in 1945, according to WPB estimates, as com- 
pared with an average prewar productiom of about 
485,000,000,000. Of this total, approximately two- 
fifths are expected to be strike-anywhere matches, 
two-fifths in books, and one-fifth strike-on-box matches. 
The military will require the entire production of 
strike-on-box matches and about 35 per cent of the 
book matches produced in 1945. It is believed that the 
supply of strike-anywhere matches and book matches 
should be adequate for civilian requirements if equi- 
tably distributed. 


e Anew 16-page illustrated booklet on ‘‘How and Why 
Cathode Ray Tubes Work,” including a discussion of 
complete television setups, has been issued by North 
American Philips Company, Inc., 100 East 42nd Street, 
New York. 

Early history, mathematical concepts, present-day 
problems, as well as the practical testing and operation 
of C-R tubes, are treated. The booklet is well illus- 


trated. 


e@ Battelle Memorial Institute, in Columbus, Ohio, is 
planning a program of research education which is in- 
tended to be of special interest to returning veterans 
who can qualify for training as.research workers in the 
sciences. The program, which ‘will be directed at the 
graduate level of education, is an expansion of the plan 
which has been markedly successful thus far with Ohio 
State University. 

Thousands of veterans have become aware of the 
importance of technology from their battlefield ex- 
periences and will be interested in scientific or engineer- 
ing careers. They are learning that scientific man- 
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power is one of the country’s key assets, and that 
the supply of such men is now, and will remain for 
years, critically short. Battelle Institute, in coopera- 
tion with other educational institutions, will give 
qualified veterans training in scientific research on the 
professional level. 





@ The ease and speed with which Ethocel sheeting 
may be fabricated into unusual patterns was recently 
demonstrated when three oxygen tents were delivered 
to a large hospital on the same day they were requested. 
These oxygen tents saved the lives of three premature 
babies. A heavy gage sheeting was used for the 
center curved section, and the ends were of laminated 
sheeting. Each unit, similar to the one shown above, 
is durable and strong although weighing only 19 
ounces. Not easily seen because of their transpar- 
ency, are the inlet baffle and outlet valve. 

e A pamphlet entitled “Oil Refining,” in which the 
modern developments in this field are presented in 
condensed form, has been issued by the M. W. Kellogg 
Company (225 Broadway, New York 7, New York). 

e@ While the problem of dispensing solutions in the 
laboratory may seem a minor one, actually it is one of 
considerable concern. A gadget to solve this problem 
has been devised and marketed under the name of the 
Tygomatic Laboratory Pump. It may be used on 
any type of reagent bottle and consists, as the illus- 
tration shows, of an injection molded acid-and-alkali- 
resistant body, and plunger. The gaskets‘are made of 
sponge neoprene rubber, internally lubricated. No 
liquid or vapor can contact the metallic spring on the 
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plunger, which is nevertheless made of corrosion-resist- 
ant alloy. 





TyGoMATIC LABORATORY Pump, MANUFACTURED BY U. S. 

STONEWARE, SHOWN INSTALLED IN STANDARD 5-PiInT AciD Bot- 

TLE EQUIPPED WITH SCREW Cap. EQUALLY SUITABLE FOR Bot- 
TLES WITH CORK OR RUBBER STOPPER. 


e@ Completion of one of the largest and most advanced 
research laboratories ever created for the development 
of improved tires and other rubber and plastic products 
was recently announced by the Firestone Tire and Rub- 
ber Company. 

The $2,000,000 laboratory, designed to open a new 
era in the rubber industry, will bring immediate ac- 
celeration of research into improved synthetic rubber 
for military tires, electronic vulcanization of rubber, 
lighter flak vests for airmen, and dozens of other war- 
time projects. 

Plastic dresses and suits, tires in which synthetic 
rubbers of various types are ‘‘tailored”’ to fit the needs of 
civilian motorists, rubber and plastic films to permit air 
transport of fresh tropical fruits to American dinner 
tables, and luxurious rubber mattresses and cushions 
are typical of the postwar projects which will undergo 
further development in the new laboratory. 


e@ It is interesting to note that the two national win- 
ners of the Fourth Annual Science Talent Search (made 
each year by Westinghouse) are both planning chemical 
careers for themselves. Marion Cecile Jowsick, of 
Brooklyn, New York, wants to do research in metal- 
lurgy, while Edward Malcolm Kosower, also of Brook- 
lyn, plans to become an organic research chemist. _ 





LETTERS 


To the Editor: 

It is surprising to note the number of chemistry text- 
books that contain erroneous information in regard to 
the iron-carbon system in steel. I agree that this is 
not a very important aspect in the study of general 
chemistry and that many students and teachers never 
give this matter second thought. But in respect to 
the informants it would be preferable for the material 
in the textbooks to be in accord consistently with the 
right idea than to agree consistently with the wrong 
idea. 

The subject which prompts me to write this letter 
concerns the property of quenched steel relative to 
composition and hardness. Eighty per cent of the 
books I have examined express the opinion, in some 
form or another, that martensite (in austenite), the 
constituent of quenched steel, is really a supersatur- 
ated solution of cementite (Fe;C) in ferrite, the hard- 
ness of the product being due to the rigidness of the 
ferrite crystal by the intrusion of cementite into the 
ferrite lattice. 

These ideas have no foundation. The fact is that 
when austenite (solid solution of carbon in gamma-iron) 
is continuously cooled at a rate exceeding the critical 
cooling rate it is transformed into martensite which is a 
solid solution of carbon in a structure not unlike ferrite 
(alpha-iron). At this rapid rate of cooling and at the 
final temperature reached, which is about normal room 
temperature, the carbide cannot form. It is only when 
steel is tempered for a period of time above 100°C. 
that the carbide begins to precipitate, and even then the 
product is not a solid solution. 

Martensite is only one phase and not a system con- 
taining two components as would be suggested by the 
above opposing statement. From the ‘definition of a 
phase it may be seen that even if ferrite and cementite 
existed together in this product they would not be in 
solution. 

A phase is a distinct physical body. Therefore two 
or more phases can be separated mechanically, hence- 


forth being in heterogeneous equilibrium. Since fer- 
rite and cementite are phases they could be separated 
mechanically—but not so if the carbide was considered 
as a solid solution in ferrite, because a solution is homo- 
geneous, 7. ¢., a system alike through and through from 
which distinct physical bodies cannot be separated. 
Martensite is a solid solution, but only with respect to 
carbon; a phase when it is regarded in relation to 
cementite. Consequently the two may be separated if 
one is present with the other, as is the case when aus- 
tenite is air cooled. This is not the case in quenched 
steel; cementite cannot be separated from martensite 
because it is not present. ~ 

Much is not known on why martensite is harder than 
the other phases of steel. Theories have been ad- 
vanced which for the most part state: (1) that mar- 
tensite is intrinsically hard because of grain structure 
(the carbon atoms are interstitially dissolved in the 
austenite, which dissolves approximately 8.5 atomic 
per cent of carbon, and are retained in supersaturated 
solution in the ferrite-like structure which normally 
would dissolve only a few tenths per cent); (2) that 
residual stresses (distortion) are introduced into the 
entire matrix of austenite plus martensite by the 
precipitation of the plates of martensite. 

These facts are based on information taken from 
the following works: 


(1) Barn, Epoar C., “The Alloying Elements in 
Steel,”” U. S. Steel Corporation, New York, 
1939. 

(2) Serrz, Freperick, ‘The Physics of Metals,” 
McGraw-Hill Book Company, Inc., New York, 
1943. 

(3) Barrett, CHARLES §S., “Structure of Metals,” 
McGraw-Hill Book Company, Inc., New York, 
1943. 

WiiuraM P. CLANCY 


WATERTOWN ARSENAL 
WATERTOWN, MASSACHUSETTS 


A TEN-WEEK COURSE IN QUANTITATIVE ANALYTICAL CHEMISTRY 
(Continued from page 249) 


pared with the calculated value from the standardiza- 
tion of the sodium hydroxide solution, and a precision 
of 3 parts per 1000 or better was common. The un- 
known for the determination of sodium carbonate was a 
sample of soda ash from a purchased sample. The 
sample was dried in an oven for the student, who placed 
it in a desiccator until it was used. The method of 
standardizing the 0.1N hydrochloric acid solution with 
sodium carbonate was used. 

A determinate 0.1 N potassium dichromate solution 
was prepared and used for comparison with the 0.1 NV 
ferrous ammonium sulfate solution and for the deter- 


mination of iron in the iron ore. The ore was analyzed 
by dissolving the sample in hydrochloric acid in the 
usual way. Samples can be obtained that will give 
complete solution of the iron in 30 minutes or less. 

The course contains the three main divisions of 
quantitative analysis, gravimetric, acid-base titrations, 
and oxidation-reduction titrations. The exercises used 
teach the general principles and the ordinary methods of 
measurement. The work progresses consistently and 
gives the student a well-rounded knowledge. Students 
who complete the course satisfactorily do so with a 
feeling of accomplishment. 
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Emergency Courses 





for Metallurgical Chemists in Africa 


R. S. YOUNG 
Rhokana Corporation, Limited, Nkana, Northern Rhodesia 


N 1941 the industrial manpower resources of North- 
ern Rhodesia, in common with the rest of the 
British Commonwealth, were strained to the utmost. 
With the increase in work and the withdrawal of men 
for plant operations or for the armed forces, the chem- 
ical laboratories of the large base metal producers in 
this territory became very understaffed. Relief could 
not be obtained by the importation of university grad- 
uates from South Africa, Britain, Canada, or the United 
States, the principal prewar sources of technical men 
for these companies. 

For a variety of reasons the condition at the labo- 
ratory of Rhokana Corporation, largest copper pro- 
ducer in Northern Rhodesia and world’s second biggest 
cobalt producer, was particularly acute. The man- 
agement, foreseeing a long war, decided to employ 
local young men and women for routine analytical work, 
and to give these “learner chemists” a comprehensive 
course in chemistry through the medium of classes two 
nights a week. It was hoped that this course would 
enable them to carry out their work in an intelligent 
manner and eventually to undertake satisfactorily 
nearly all the operations in a large metallurgical labo- 
ratory. 

From the limited white population of Nkana, a town 
of less than 4000 Europeans, a group of eight, ranging 
in age from youths of 16 to married women of over 30, 
was selected with only one qualification—an educa- 
tion equivalent to matriculation. None had any 
higher education and many had never taken chemistry 
in their secondary schooling. 

The aim was to give a lecture course in general 
chemistry which would be at least equivalent to the 
usual first-year university course, and a laboratory 
course in qualitative and quantitative analysis which 
would be considerably in excess of the requirements for 
laboratory work in first-year chemistry. It was con- 
sidered that the practical training and experience of 
these learners would enable them to absorb much more 
laboratory work than a college student in the same space 
of time. 

It was deemed advisable to give our group in ad- 
dition brief courses in mathematics and physics which 
would assist in a better undérstanding of the work in 
chemistry. These courses were abbreviated to a quick 
review of high-school mathematics and physics, and to 
excursions into those fields in which some knowledge 
of these subjects was a prerequisite to an intelJigent ap- 
proach to analytical chemistry. 

The work normally done by juniors in chemical 
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laboratories, such as preparation of samples, setting out 
equipment for senior men, washing glassware, etc., is 
carried out in Africa by natives. Consequently our 
learner chemists missed this splendid preliminary train- 
ing in manual manipulation and familiarity with re- 
agents and apparatus. After a brief period of in- 
struction on the balance and the technique of volu- 
metric determinations they were put at once on 
simple analytical procedures such as sulfur and copper 
in mine samples or insoluble residue in slags, where the 
degree of accuracy desired was within the limits of their 
capabilities. 

The courses were given two nights a week, 7:30 to 
9:30, for 10 months in the year. The months of Oc- 
tober and November, prior to the advent of the summer 
rainy season in Northern Rhodesia, are usually rather 
hot and trying and it was desirable to suspend evening 
classes for this period. For the first four months one 
evening a week was devoted to mathematics and phys- 
ics, and when the work in mathematics had been com- 
pleted at the end of this period the full time of one 
evening per week was given to physics, both theo- 
retical and experimental, for the next four months. 
The other evening was given over entirely to chem- 
istry, and on the conclusion of the work in physics both 
nights were available for chemistry. The theoretical 
matter and laboratory exercises in this subject were 
consequently speeded up at the period when the 
learners were rapidly enlarging their chemical ex- 
perience in the daily work and were being given more 
responsible or involved analytical work, such as iron, 
calcium, etc. 

Courses for this small group were conveniently given 
in the laboratory with little additional equipment ex- 
cept a portable blackboard and better lighting arrange- 
ments for night work. Particular attention was paid to 
neatness and the necessity of clearing up all work before 
leaving. Provision was made for storage of demon- 
stration equipment or the students’ own apparatus in 
cupboards to avoid interference with the routine labo- 
ratory work. The learners were encouraged to discuss 
any problems with the instructors toward the close of 
the normal working day when brief slack periods are 
often encountered in a routine chemical laboratory. 
Advantage was taken at all times by the instructors 
to point out pertinent observations on theory and 
practice illustrating their courses during the daily opera- 
tions of the laboratory. 

It was felt that it was too much for one man to 
lecture on general chemistry and to conduct laboratory 
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periods, and two instructors were accordingly selected 
from the senior laboratory staff. Both were uni- 
versity graduates with some years’ experience in a 
chemical laboratory, but without experience in teach- 
ing or college demonstrating. The course in physics 
was given by a senior chemist who had been grad- 
uated in physics and had done a little demonstrating 
in college. The work in mathematics was carried out 
by a science graduate who had recently been promoted 
from the chemical laboratory to plant operation and 
who had some previous experience in high-school 
teaching. The work of these men was coordinated by 
a joint program and a close knowledge of the scope 
and progress of the work of the other instructors. 
The cooperation of the chief chemist, and the en- 
couragement and financial assistance of the manage- 
ment were available at all times. 

The brief course in mathematics reviewed high-school 
work as it applied to analytical chemistry in such fields 
as standardizing, dilution, normality, atomic weights, 
color comparison, pH, etc. Lectures were given on the 
theory of sampling, meaning of significant figures, 
errors in analytical work, probable error of determina- 
tions, and other useful statistical information seldom 
given in college chemistry courses. 

The work in physics was designed briefly to review 
high-school courses in this subject and to cover the 
physical basis of many laboratory determinations. 
The latter included electrolysis, colorimetry, spectrog- 
raphy, calorific measurements, conductivity, and 
similar physicochemical work carried on in a large 
metallurgical laboratory. Equipment, necessary to 
demonstrate fundamental laws, which was not obtain- 
able around the laboratory, could usually be secured 
from the well-equipped electrical or mechanical shops 
of the corporation and assembled by the instructor. 

In the chemistry courses the usual first-year uni- 
versity program was followed, commencing with defini- 
tions and chemical laws freely illustrated from every- 
day laboratory work and the well-known processes of 
mining, concentrating, smelting, and refining known 
to the learner. The elements were then systemati- 
cally taken up, particular attention being paid to those 
encountered in the metallurgical laboratories of North- 
ern Rhodesia. 

A number of elementary texts and reference books 
were provided by the company for the learners, and 
these were available at all times in the laboratory. No 
one text was used exclusively; the instructor usually 
prepared his lecture or laboratory period from several 
standard British and American reference books on 
general inorganic chemistry and inorganic analysis. 

The chemical course was originally designed to cover 
one year but it was found that over 18 months were 
required to complete the work. When the learner 
chemists were engaged it was indicated that their 
salary increments would be dependent on attendance at, 
and satisfactory completion of, these courses. Reg- 
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ular reports, quiz periods, and determination of un- 
knowns kept the instructors informed of the progress 
of these students. A final examination was held at the 
conclusion of the courses. 

The results of this training have been very satis- 
factory. For the learner chemists it has transformed 
a mysterious routine task, performed mechanically, into 
an intelligible analytical procedure which he or she 
understands and therefore can perform much more log- 
ically and satisfactorily and in a reproducible manner. 
This solid background of chemical training, together 
with a little mathematics and physics which has been 
acquired, has stimulated several of the learners to en- 
roll for extramural work and correspondence courses in 
science. The scheme has enabled the corporation to 
meet an emergency successfully and has provided the 
company with a group of employees who can perform 
in an intelligible and capable manner most of the opera- 
tions of their chemical laboratory, thereby releasing 
senior men for special analyses and studies on improve- 
ments in methods. 

Some peculiar local conditions which were en- 
countered may be of interest to readers in North 
America. The employment of natives for the work 
done by laboratory juniors elsewhere has already been 
referred to, and the hot period of October and Novem- 
ber, which is the end of spring and precedes the com- 
mencement of the summer rains. In volumetric and 
colorimetric texts we had to explain to students that 
“light from a northern exposure’ referred only to the 
northern hemisphere. The oft-encountered reference 
in American texts to paraffin, such as ‘‘paraffin-coated 
glassware or labels’’ or ‘‘a layer of paraffin’ had to be 
amplified for the bewildered student by explaining that 
“paraffin” in North America did not mean kerosene. 
The starting time of 7:30 p.m. for the evening classes 
was a compromise between the writer, who favored 
7 P.M., and those who declared it was impossible to 
finish late afternoon sports, have a bath, a sundowner, 
and dinner before 8 p.m. The critical thing was the 
sundowner; exercise, hygiene, and food were second- 
ary! The chemical laboratory was not screened and 
we wondered whether a few mosquitoes might wander 
in during the night classes in the rainy season. For- 
tunately the Anopheles type, carriers of malaria, does 
not like bright light or moving objects, and we did 
not need to screen the laboratory or spray the rooms. 

This account of a rather unusual effort to provide 
specialized chemical training, devised, of necessity, 
under emergency conditions in a remote part of the 
world and carried on successfully in spite of lack of ex- 
perience on the part of instructors, a varied back- 
ground among the students, and the inevitable lassi- 
tude inherent in night courses in a tropical country, 
may serve as an illustration of what may be accom- 
plished by other industries under more favorable con- 
ditions. 
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CHEMISTRY TEACHERS 


Wartime Production of Ethyl Alcohol’ 


PHILIP A. SINGLETON 


New England Alcohol Company, Everett, Massachusetts 


: HEN the story of our nation’s munitions and 

materiel program is told, all will realize more fully 
what epic tasks have been accomplished. By compari- 
son with many other wartime attainments, the per- 
formance of the ethyl alcohol industry may, to para- 
phrase Mr. Sam Goldwyn, seem ‘merely colossal.’’ 
It is impossible within the scope of this paper to cover 
all the details of the program. There is no need to re- 
iterate technical considerations which are already well 
covered in the literature. I shall attempt to highlight 
only a few major points which seem of particular 
interest. These I shall state here in outline form and 
later discuss one by one. 

1. The alcohol industry has successfully met an un- 
precedented wartime demand. Shortly after Pearl 
Harbor; no one knew how big this demand would be. 
For example, Dr. William J. Hale estimated 1,000,000,- 
000 gallons a year would be required. The first WPB 
program in 1942 set 476,000,000 as its goal. The 
reasons for this discrepancy were obvious. No one 
knew what the total demand would be for each end-use 
requiring alcohol, nor what the exact alcohol require- 
ment would be on a pound-for-pound basis for the 
particular end-use. Suffice to say that the industry 
doubled its output in 1942, trebled it in 1943, and 
quadrupled its normal output in 1944, thanks to plant 
expansion, new construction, and conversion of the 
beverage alcohol industry. That success in getting out- 
put has been attained with a comfortable secondary 
margin of safety over and above the nation’s alcohol 
stockpile (which has ranged as-high as 140,000,000 
gallons in tank storage) is witnessed by two recent 
“liquor holidays.” Incidentally, have you realized 
that the beverage alcohol industry has been supplying 
at a rate equivalent to 20,000,000,000 whiskey highballs 
per year (when converted to equivalent 190 proof)? 
This would be equivalent to approximately 150 drinks 
per annum for each person in the United States! 

2. The increased output was attained in the face of 
many obstacles. Priority troubles are almost history 
today and it is easy to forget the problem it was to get 





1 Address presented at the Sixth Annual Summer Conference 
of the New England Association of Chemistry Teachers, New 
London, Connecticut, August 25, 1944. 
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chemical process equipment when such units had td 
compete against guns and tanks for overcrowded shop 
space and limited labor for fabrication. Similarly, raw 
material molasses had to compete against fuel oil for 
tanker allocations. Grain had to compete against food 
needs and invert molasses had to be obtained at the ex- 
pense of decreased sugar production. Plant shiftovers 
from one raw material to another sound easy in the 
telling but each involved many headaches; required 
expeditors, individual resourcefulness, and ingenuity. 

3. Economic considerations which would normally be 
compelling were subordinated in order to get the absolute 
maximum output obtainable. That this wartime situa- 
tion still holds true is, I think, best shown in the present 
situation whereunder ethanol of identical chemical 
specifications is subject to at least three different price 
ceilings and pricing formulas in the range of 26 cents 
per gallon, 48 cents per gallon, and 85 cents to $1.05 per 
gallon. Needless to say, we would not expect such a 
situation under normal circumstances. 

4. During wartime there has been strict government 
control over every operating factor. Selling prices are 
limited by OPA, raw material costs set by DSC and 
CCC, plant ownership (if government financed) by 
DPC, plant operation governed by ATU, distribution 
and use prescribed by WPB, and transportation by 
ODT. Normally almost all of these factors except 
revenue collection would be left+to private enterprise 
and the economic laws of supply and demand. How- 
ever, despite strict wartime control of operations many 
of the results obtained can fairly be attributed to private 
initiative, new ideas and cooperative research within the 
industry, together with free interchange of data be- 
tween producers. 

5. Substantial savings to the taxpayers have been 
made. Although many operations had necessarily to be 
based on an artificial raw material situation with ap- 
parent disregard of economic consideration, nevertheless 
there were still excellent opportunities for engineers to 
make big cost savings within the program itself, both 
by improving operating efficiencies and by the de- 
velopment of new processes. 

6. Although the postwar outlook involves complex 
economic considerations, both domestic and international, 
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apparently many of these will be resolved by legislation 
rather than by technical or economic analysis. The 
chemical engineer can appraise the over-all situation 
but the many factors on which he must base his basic 
assumptions rest with the Congress and the Depart- 
meat of State. 

7. The outlook for the future is still hopeful. The 
reconversion will present serious problems but the 
ethyl alcohol industry is in a better position to with- 
stand cutbacks than are many other wartime opera- 
tions. Looking back on the period following World 
War I, many of the chemical items which were then re- 
garded as surplus disposal problems'soon proved to be 
“‘short”’ because of the development of new uses. Many 
such new uses for alcohol have already been developed 
in this war: new plastics, new protective coatings, new 
pharmaceuticals. Also, there are hopeful prospects for 
alcohol plant by-products which will justify continu- 
ance of some operations. Scientific knowledge has 
made great strides under the impetus of wartime assign- 
ments. Many new ideas are still in the laboratory stage 
and, in effect, have had to be ‘‘put on ice” for the dura- 
tion. These will be exploited on a large scale as soon as 
controls on materials and technical manpower can be 
relaxed. All this is hopeful. 

Let us now discuss a few highlights on the foregoing 
seven points in somewhat more detail: 

1. Demand and Growth. Some idea of the magni- 
tude of present production may be gained if it is ex- 
pressed as approximately 80,000 tank cars of alcohol a 
year. Grain has provided the bulk of the new output, 
serving as raw material for several new plants and also 
for the entire beverage industry which shifted from 
liquor to industrial alcohol in October of 1942. Despite 
its cost advantage, synthetic alcohol from ethylene gas 
has undergone only a modest expansion from 37 to 
75,000,000 gallons, resulting largely from the fact that 
the synthetic alcohol plants require three to four times 
as much critical machinery and corrosion-resistant 
process equipment. Molasses alcohol has had severe 
ups and downs because of submarine hazard and tanker 
shortage. Note that in 1943 the production from molas- 
ses dropped to only 68,000,000 gallons which is even 
lower than for prewar years. 

Synthetic rubber has been by far the largest single 
demand factor. It alone has required more than twice 
the normal annual prewar industrial alcohol output. 

2. Additional Capacity. This was attained by plant 
expansions, erection of new plants and plant conver- 
sions. Nowadays one can readily forget the fear of an 
Axis-invasion of our Atlantic Coast and the cautious 
plans that called for inland location of strategic new 
alcohol plants. One forgets, too, some of the procedural 
bottlenecks that blocked a quick shift to war alcohol 
production. Most beverage alcohol plants did not have 
distillation equipment that would go higher than around 
140 proof, hence until they could get new columns 
they had to ship high-wines to other plants for redistil- 
lation and concentration. Possible highjacking of these 
trucks was always a hazard. Another problem: In 
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many states whiskey plants could be operated only 
from sunrise to sunset. Corrective legislation to permit 
round-the-clock operation and to legalize production 
on Sundays was necessary in many States. 

Bottlenecks developed in many subordinate fields. 
Had these not been met, plants could not have run. 
For example, our alcohol unit at Everett operated for 
nearly 10 months using 3 to 4 box cars a day of alco- 
meal, a granular flour very similar to Cream of Wheat. 
Why? Because grinding equipment for whole grain 
was short and it was found that flour mills had idle 
capacity. Existing mills were able to remove the bran 
and market it, thus saving alcohol producers the by- 
product-disposal headache. [t worked well. 

Makeshift equipment had to be used. For example, 
during our grain operations at Everett, we cooked the 
Cream of Wheat in cookers made from three worn-out 
tank cars. The malt mixer was made from an old oil 
drum. The plant cost only $35,000; required only 
$2000 of priority material. It turned out more than 
4,000,000 gallons of war alcohol when it was most 
needed. We were glad to shift back to molasses as soon 
as it again became obtainable, but we regarded the 
grain operation as an invaluable experience. 

And as it now turns out, this same plant has again 
proved itself a helpful ‘‘anchor to windward” for the 
future. I say this because molasses has again become 
short and forced putting the northern Atlantic seaboard 
plants back on grain, as of January 1, 1945. This time 
the molasses shortage has stemmed from an entirely 
different problem, namely the UNRA plans to disburse 
sugar to the needy nations. More sugar means less 
invert molasses. Hence a shift back again to grain, 
despite its higher cost and despite the fact that ample 
tankers would now be available to carry the invert 
molasses if it were permitted to be produced. On the 
other hand, during 1942 whole trainloads of molasses 
tank cars had to be hauled overland from Gulf ports to 
plants as far north as Boston because then there was 
plenty of molasses in the West Indies but the bottle- 
neck was Atlantic tankers. 

3. Economic Aspects. Concurrently we are now 
producing in the U. S. A. ethyl alcohol from cull pota- 
toes, wheat, rye, blackstrap and invert molasses, 
petroleum gases, sulfite liquor, and sawdust. Each of 
these processes has certain inherent characteristics: 
some have the advantage of waste disposal, others 
count on hopeful by-product credits. In normal times, 
these variables could be reduced to the common 
denominator of manufacturing costs balanced against 
return on capital investment. During wartime the goal 
has been maximum output and the criterion is not 
cents per gallon.of manufacturing cost vs. cents per 
gallon selling price but rather obtainability of raw ma- 
terials, obtainability of process equipment, and ob- 
tainability of manpower for operations. Hence, the 
anomaly mentioned above—the multistandard pricing 
basis that has been prescribed by OPA. Grain plants 
are operated on a sliding scale ‘‘cost-plus’’ basis which 
assures the producer of a fixed profit and administra- 
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tive cost allowance per gallon. Molasses alcohol and 
synthetic alcohol are covered by flat price ceilings. In 
the case of molasses, the producer’s operating margin is 
sharply limited by a DSC controlled price on raw- 
material molasses delivered to his plant. 

Justification of various ceilings has been argued by 
OPA on grounds that each is necessary to enable opera- 
tion of respective types of plants and at the same time 
assure against inflationary spirals, and the possibility 
of war profiteering by owners who happened to be 
blessed with a more fortunate raw material or plant 
location situation. 

4. Government Control. Washington agencies have 
been a veritable orifice through which all problems have 
been funnelled. As an example of the administrative 
complexities and ramifications, I cite our situation dur- 
ing one stage of the war program. We bought granular 
flour at a subsidized price through the Commodity 
Credit Corporation. We sold the alcohol made from it 
under an OPA pricing formula to the Defense Supplies 
Corporation at a price in the range of 80 cents per 
gallon (during the time when many other higher-cost 
producers were selling identical ethyl alcohoi to the 
Defense Supplies Corporation at prices well over one 
dollar per gallon). We operated our plant under 
strict ATU (Alcohol Tax Unit) supervision with 
periodic clearances and reports to WPB on rate of 
operation. We bought back from DSC part of our own 
output at the 48 cents ceiling price for resale and distri- 
bution to our customers at the same 48 cents price sub- 
ject, of course, to WPB allocation for important end- 
uses only, The difference between the price at which 
we sold our entire output to DSC and the price at which 
we bought it back was calculated to make up our 
“operating losses’ because of the high raw material 
costs. All shipments were subject to ODT tank car 


control. The rate of amortization on our plant invest- . 


ment was set by a War Department authorization to 
BIR (Treasury Department). 

It should be pointed out, however, that when WPB 
ordered a shift from molasses to grain the selection of 
process and design of the plant conversion was left en- 
tirely to the Company. In fact, priorities for a $250,000 
whole grain plant had already been authorized by 
WPB before the idea of a granular flour plant was 
adopted, based on experience at du Pont’s plant which 
had pioneered operations on the granular flour process. 

5. Taxpayers’ Money. Withiti the “‘cost-plus’ and 
other pricing formulas set by OPA, there was still 
ample opportunity for considerable saving of tax- 
payers’ money made possible by improvement in 
process and operating efficiencies resulting from sound 
engineering studies and laboratory investigations. 
Despite the fact that most of these savings were passed 
along to DSC, much was accomplished. 

A most illuminating report was made to Congress 
recently by Representative Engle of Michigan. I cite 
only one item which relates directly to ethyl alcohol 
and that is the smokeless powder program. During the 
years 1940 to 1944 the government has invested around 
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2,500,000,000 dollars in such plants. 


Output was 
stepped up from 400,000,000 pounds in 1942, to 
2,000,000,000 in 1942, up to 3,000,000,000 pounds in 
1943. By the process at the start of the war 7.61 gallons 
or roughly 50 pounds of ethyl alcohol were needed per 


100 pounds of powder. Now only 1.91 gallons or 
roughly 15 pounds are required for the same 100 
pounds of powder. This has, to date, saved 50,000,000 
gallons of ethyl alcohol vitally needed for other uses; 
the current reduction in usage is at the rate of 4,000,000 
pounds per month. Smokeless powder during World 
War I ranged from 41 to 62 cents per pound. The cost 
to the Army during World War II, taking into account 
higher labor rates and equipment costs, has nevertheless 
been dropped to 17 to 26 cents per pound, and for a 
better powder at that! 

6. Economic and Legislative Aspects. Under the 
normal laws of supply and demand, one would expect 
that the high cost producers of a commodity of identical 
chemical specifications would automatically be lopped 
off in favor of lower cost producers as demand slackened. 
Another approach, however, is to attempt to create a 
demand by legislative means. Such a program has al- 
ready gained ground in many foreign countries and the 
pressure for grain-alcohol gasoline blends is also being 
felt in the U.S. A. During the period 1933-40, 20 bills 
were presented in Congress and more than 30 in the 
various State legislatures requiring or subsidizing the 
use of alcohol as a blend in gasoline motor fuel. Justi- 
fication is argued on disposal of farm surpluses but even 
with the cheapest grain, 7. e., corn at its lowest level of 
35 cents per bushel, the alcohol would cost at least 20 
cents per gallon and doubtless higher. Hence, the in- 
evitable result is higher cost to consumers for motor 
fuel and the net effect of the program is to subsidize the 
farm group. At times the alcohol motor fuel program is 
also argued on grounds of conserving our national 
petroleum resources but we need only look at the figures 
to see that any such conservation by substitution of 
alcohol surpluses would be of small magnitude. The 
normal U. S. A. gasoline demand is in the range of 
25,000,000,000 gallons. Hence, even taking the entire 
all-time high in U. S. A. alcohol production (grain, 
molasses, and synthetic) of 600,000,000 gallons and 
using al] of it for motor fuel would still permit less than 
a 3 per cent substitution of alcohol for gasoline on a 
gallon-for-gallon basis. This, of course, makes no pro- 
vision for the alcohol from our present production that 
would have to be subtracted from the 600,000,000 
gallons in order to supply vital industrial and civilian 
needs. Also, petroleum men have pointed out that 
alcohol used in blends would have to be rendered con- 
siderably more anhydrous than 190 proof to permit its 
use in automotive engines as a fuel blend. 

There is no question that grain surpluses could be 
salvaged, utilizing grain alcohol plants. However, the 
contribution to the motor fuel picture would be rela- 
tively insignificant. Use of the entire world’s supply of 
wheat or 80 per cent of the world’s supply of corn could 
supply only a 50 per cent blend of alcohol with U. S. A. 
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gasoline usage alone. This might seem hopeful but it 
should be remembered that such a plan would leave no 
corn or wheat for food. 

Synthetic rubber is the biggest economic ponderable 
in the postwar alcohol picture. If the synthetic rubber 
industry is maintained either for military reasons of 
economic self-sufficiency or because our engineers can 
make our Buna-S and -N processes competitive with 
natural rubber from a cost standpoint, the postwar 
reconversion problem for the alcohol industry will in- 
deed be a minor one provided that a substantial part of 
the synthetic rubber program continues to be based on 
alcohol butadiene instead of petroleum. Thus, the 
answer to this depends upon, (1) what our technicians 
can accomplish in the way of process economies and, 
(2) more directly, a policy decision by our government 
grounded on military security or a worldwide rubber 
program taking into account the Javanese labor prob- 
lems in the Dutch East Indies and the possibility of 
restoring the former plantation economy to its prewar 
basis. 

The postwar alcohol picture is clouded by many 
other similar economic considerations of relatively 
smaller magnitude but of equal importance. These 
include: 

(a) The sizable development of the rum industry in 
the West Indies. Rum plants are consuming large 
quantities of alcohol in Puerto Rico, Cuba, and the 
Virgin Islands, and provide an important contribution 
to local revenues. If present rum demand (largely in 
the U. S. A.) continues after the war in the face of the 
sharp domestic competition that will be expected as soon 
as whiskey plants resume normal operation, the rum 
plants will have first call (because of the high price 
they can afford to pay) on a sizable part of the molasses 
supply which normally went to industrial alcohol pro- 
ducers at by-product prices which these producers 
need in order to maintain a competitive position with 
synthetic alcohol in the industrial alcohol market. 

(6) Sugar demand is another key factor. Although 
blackstrap production bears a direct relationship to 
cane in the range of 5 gallons per ton of cane, produc- 
tion of the high-test invert molasses can be adjusted at 
will, provided a demand for the invert exists at a price 
for which producers are willing to sell it and further 
provided that it is not more profitable for the producer 
to sell his crop as sugar instead of as invert. As earlier 
mentioned, the UNRA wartime program necessitated 
modification of the West Indies molasses supply as of 
January 1, 1945. If such plans are carried into post- 


war, further expansion of sugar cane would seem almost 
inevitable. 


This is not impossible but it requires at 
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least a year or more (after getting new land under 
cultivation) in order to secure results from new grain 
cultura plantings. During this interim period the 
supply of molasses for alcohol would be short. 

In so far as planting new acreage in order to secure 
additional raw material for alcohol, it is well known that 
molasses is a crop much more efficient than grain from 
the standpoint of producing gallons of alcohol per acre. 
However, as earlier hinted, it seems almost certain that 
the question of grain vs. cane as raw material will be 
argued in the legislature on entirely different grounds. 

7. The Future is Hopeful. A recent survey by 
Fortune magazine showed that men and women in all 
walks of life regarded the chemical industry as one of 
the most promising for the future. Alcohol’s future is 
closely linked to this. A number of uses for alcohol are 
already well established. Countless new developments 
will require alcohol either as a raw material or for use in 
process cycles during production. There are many 
developments yet undisclosed that promise tremen- 
dous opportunities. The entire progress.of the chemical 
industry has hinged on research and straight thinking 
to develop new chemical applications that will benefit 
mankind. We see difficult problems and uncertainties 
ahead but feel certain that these can be met. 


OFFICIAL BUSINESS 


230th Meeting—March 17, 1945 
Smith College 
Northampton, Massachusetts 


THE 230th meeting of the N.E.A.C.T. was held at 
Smith College, Northampton, Massachusetts, on March 
17, 1945. The following program was given: ‘‘Crys- 
tals and chemistry,’ Dorothy Wrinch, Lecturer in 
Physics, Smith College; ‘‘Plastics—past, present, and 


‘ future,’ G. F. D’Alelio, Director of Research, Pro- 


phy-lac-tic Brush Co., Florence, Massachusetts; ‘The 
advance of the fungi,’’ Thomas Proston, Massachusetts 
State College; and ‘Absorption spectra and molecular 
structure,’ Lucy W. Pickett, Mt. Holyoke College, 
Holyoke, Massachusetts. 


NEW MEMBERS 


Allan Furber, Boston Technical High School, Boston, Massa- 
chusetts 

William T. Hall, Rochester, Massachusetts 

Stanley T. Hetherington, Rogers High School, Newport, Rhode 
Island 

Ruby M. Odell, Weequahic High School, Newark, New Jersey 

Fanny C. Stockbridge, Madeira School, Greenway, Virginia 

Arthur L. Swift, Amherst High School, Amherst, Massachusetts 

Elsa Wachter, Vermont Junior College, Montpelier, Vermont 
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DICTIONARY OF ORGANIC Compounps. I. M. Heilbron, et al., 
Professor of Organic Chemistry at the Imperial College of 
Science and Technology, London, Editor. Volume I, Abietic 
Acid to Dypnone, new, revised, and enlarged edition. Ox- 
ford University Press, New York, 1943. xvi + 1072 pp. 
24 X 18 cm. $30. 1943 Supplement to Volume II. 44 pp. 
$1.00. 1943 Supplement to Volume III. 34 pp. $1.00. 


This comprehensive, three-volume work on organic compounds 
first appeared in 1934, and later in 1936 and 1938. At the time of 
this initial publication it was planned to keep the ‘‘Dictionary”’ 
up to date by the periodical issue of revised volumes. Prepara- 
tions were well advanced for the publication of the new edition of 
Volume I, when the outbreak of war brought such activities to a 
standstill. Work was eventually resumed in the summer of 
1940, but at a considerably reduced tempo, and it was not until 
the middle of 1941, when the heavy air raids on Britain were 
abating, that work again approached normal activity. It was 
decided at that time that the new edition should be entirely re- 
written. However, the exigencies of war again made it im- 
possible to rewrite or even revise Volumes II and III. Volume I, 
fortunately, had so far progressed that it now appears in a greatly 
increased size, and includes much augmented data and many 
new compounds. So far as the conditions of war permitted, the 
literature has been covered up to the end of 1940, with some addi- 
tional references to papers appearing in 1941 and 1942. 

The authors, throughout this difficult period, have continued 
to collect data and information on compounds, many of them 
new, for incorporation in the revised edition of Volumes II and 
III. The original printing of these two latter volumes has long 
since been exhausted, and so, as an emergency measure, it was de- 
cided to reprint Volumes II and III in their original form, and to 
include all available material on new compounds in the form of 
supplements added to each volume. This procedure also pro- 
vided opportunity to include cross references in the revised Vol- 
ume I to the new supplementary pages appearing in Volumes II 
and III. The revised and enlarged Volume I, containing 366 
additional pages, is now available, as well as reprinted copies of 
Volumes II and III, including their 44- and 34-page supplements, 
respectively. The supplements are also available separately for 
those already possessing the original volumes, and desiring to 
bring this series up to date. 

All the compounds in this dictionary are arranged in strictly 
alphabetical order. Certain rather arbitrary rules were neces- 
sary because most organic compounds possess more than one 
name, and questions of orientation introduce further complica- 
tions. The rules that have been applied are systematically out- 
lined in five pages of the introduction, and appear to be con- 
sistently followed throughout the volumes. The dictionary 
purports to list the constitution and physical and chemical 
properties of the principal carbon compounds and their deriva- 
tives, together with the relevant literature references. The 
following descriptive items have, where available and appli- 
cable, been given for each compound listed: sources, where of 
interest; physical properties, melting point, boiling point, solu- 
bility, density, refractive index, heat of combustion, optical ro- 
tation, etc.; chemical properties, typical reactions, analytical 
tests, etc.; derivatives under separate subheads; molecular 
weights and structural formulas; and selected references with 

emphasis upon preparation, structure, and available bibliogra- 
phies. : 

Obviously no three-volume compilation of this type can be 
all-inclusive. There are some 15,000 organic compounds that 


are given extensive consideration, and briefer references are in- 
cluded to perhaps some 50,000 additional. Chemists interested 
primarily in dyestuffs, fats, oils, and waxes will fail to find many 
familiar compounds. 


RECENT BOOKS 
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The revision and republication of this standard reference work 
is ample proof of its value and acceptance. It is without doubt 
the outstanding organic compendium in the English language. 
The price should bring these volumes within the reach, not only 
of large universities and research organizations, but small col- 
leges, junior colleges, high schools, and private libraries of or- 
ganic research workers and teachers. This dictionary is not a 
competitor of the more exhaustive and expensive lexicons such as 
“‘Beilstein,’”’ “Richter,” or ‘“‘Stelzner,’”’ but will definitely create 
and maintain a position of prominence for itself. It will appeal 
particularly to students and young instructors because it utilizes 
the simplest and most direct system of classification found in 
any similar volumes, and also because it is printed in English. 
The industrial chemist and research worker will appreciate the 
brief, convenient arrangement, stripped of all nonessential de- 
tails. The organic chemist, and particularly those working 
in the field of organic qualitative analysis, will make frequent 
use of the tabulated physical constants and suggested derivatives. 
The authors and publisher are to be congratulated on produc- 
ing a superb work under most difficult conditions. 

RALPH E. DUNBAR 


NortH Dakota AGRICULTURAL COLLEGE 
Farco, NortH DAKOTA 


THE CHEMISTRY AND TECHNOLOGY OF FoopD AND Foop Probuwcts. 
Edited by Morris B. Jacobs, Senior Chemist, Department of 
Health, City of New York. Interscience Publishers, Inc., New 
York, 1944. Volume I—xv + 952 pp. 79 figs. 218 tables. 
17 X 25.5cm. $10.50separate. Volume II—xx + 890 pp. 166 
figs. 84 tables. 17X25.5cm. $10.50 separate. $19 per set. 
Volume I of this two-volume work on foods has been written 

by 21 scientists and technologists, several of whom are well known 
in their respective fields. Both volumes have been planned and 
edited by Morris B.-:Jacobs, Senior Chemist, Department of 
Health, City of New York. The first 12 chapters deal with 
“fundamentals,” namely, physical chemistry of foods, carbo- 
hydrates, lipids, amino acids and proteins, .enzymes, vitamins, 
mineral constituents, coloring matters, digestion of foods, food 
spoilage, and food poisoning. The next 12 chapters treat various 
foods: milk products, meat products, fish, poultry and eggs, 
edible fats and oils, cereal grains, bakery pred-icts, vegetables, 
mushrooms, nuts and fruits, carbohydrates, confectionery and 
cacao, coffee and tea, flavors and spices. 

In general this volume stresses the chemistry, physics, and 
bacteriology of foods, food products, and their chemical com- 
ponents rather than technology, although several chapters, 
notably those on fish and fishery prdducts, poultry and eggs, 
bakery products, and spices place the emphasis on technology. 

Among the chapters on “fundamentals” those on enzymes, 
carbohydrates, vitamins, amino acids, proteins, mineral con- 
stituents of foods, and foéd spoilage are particularly interesting and 
useful to food technologists and food chemists. These and other 
chapters would be more interesting to the food technologist if 
more attention were given to the roles played in food processing 
and preservation by the compounds, substances, or microorgan- 
isms discussed, and conversely to the changes induced in them by 
food processing and storage. In other words, this reviewer be- 
lieves that more attention could have been given to industrial 
application of the principles and facts presented in this section 
of VolumeI. Also he feels that in the chapters on the foods them- 
selves more space could have been devoted with profit to tech- 
nological processes, and less to the chemistry and perhaps 
spectroscopy, 

The chapter on poultry and eggs by Mary Pennington, and 
that on fish and fishery products by M. Stansby are particularly 
well written and informative. The chapter on food colors deals 
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chiefly with added colors; it would seem desirable to have in- 
cluded more information on natural plant pigments. 

In spite of the fact that Volume I is large, 901 pages, exclusive 
of index, one is impressed with the great difficulty (perhaps im- 
possibility) of treating fully between the covers of one book so 
many and such diverse scientific and technological subjects. 
On the other hand, the authors have, on the whole, done well with 
their subjects in spite of the limitations on space. Volumes I 
and II should be used in conjunction, since one supplements the 
other. 

Teachers of food courses in home economics and food tech- 
nology, as well as chemists in food control and food research, 
will find much useful information in Volume I. While biblio- 
graphies are not extensive, most of the references cited are well 
selected and useful. Perhaps the editor in the next edition 
will decide to break up Volumes I and II into not less than four 
volumes, or eventually bring out a five-foot shelf of many vol- 
umes, each:devoted toa single industry or food product. 

W. V. Crugss 


UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


The various chapters of Volume II have been prepared by 27 
collaborators, some of whom are well known for their previous 
contributions in the varied field of food technology. Whereas 
the first volume dealt largely with the fundamental aspects of the 
subject, this volume is concerned with the application of these 
fundamentals to production of foods and food products. Volume 
II is divided into four sections, covering unit operations and 
processes, maintenance of sanitary and quality control of food 
products, the principal methods of preserving foods, and produc- 
tion methods for the principal foods. 

The general impression of the volume is somewhat disappoint- 
ing. Several of the chapters are condensations of readily avail- 
able existing literature. Several, also, lack any and others lack 
adequate reference citations. Duplications, although probably 
unavoidable, are more numerous than warranted, and in many 
cases at variance. The few factual errors noted have arisen 
where the collaborator has strayed from his field of study when 
attempting a more complete coverage of his subject. 

Although the difficulty of treating such a diversity of subject 
matter is recognized, it seems that the volume would profit 
by addition of some omitted topics. For example, vinegar, 
which is recognized as one of the important condiment-preserva- 
tive compounds, is not discussed from the standpoint of tech- 
nology or production, although there are some 13 references to 
its use throughout the volume. Other subjects inadequately 
covered are the utilization and disposal of waste products. 

Nonetheless, it is felt the volume makes readily available much 
information for the novice, teacher, and investigator alike. In 
spite of the criticisms listed, the volume brings together for ready 
reference much of the subject matter comprising food technology. 
For the most part, the volume and its companion accomplishes 
its objective, that of fulfilling ‘‘a need in the literature of the 
field.” 

REESE H. VAUGHN 
Gro. L. MarsH 


UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 


ORGANIC SYNTHESES. Volume 24. Nathan L. Drake, Editor-in- 
Chief. John Wiley and Sons, Inc., New York, 1944. v + 119 
pp. 14.5 X 23.5cm. $2.00. 

This annual publication gives the equations for the reactions, 
procedures with accompanying notes, and other methods of 
preparation for 37 different organic compounds, with procedures 
checked or verified by competent referees. The subject index 
comprises all material from Volume 20 through 24 of the series, 
the Collective Volumes 1 and 2 having included all previous 
preparations. : 

Methods for the preparation of the following organic com- 
pounds are included: acenaphthenequinone, aminoacetal, 4- 
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amino-2,6-dimethylpyrimidine, | dl-a-amino-a-phenylpropionic 
acid, 4-amino-1,2,4-triazole, benzoyl cyanide, benzoylformic acid, 
tert-butyl acetate, o-chlorobromobenzene, w-chloroisonitroso- 
acetophenone, 2-chlorolepidine, 1-chloromethylnaphthalene, cou- 
marilic acid, cyclopropanecarboxylic acid, nor-desoxycholic acid, 
3,12-diacetoxy-bisnor-cholanyldiphenylethylene, +-di-n-butyl- 
aminopropylamine, 2,6-dichloroaniline and 2,6-dibromoaniline, 
diphenyldiazomethane, ethyl diazoacetate, ethyl hydrazine- 
carboxylate and diaminobiuret, ethyl N-tricarboxylate, glyoxal 
bisulfite, 4(5)-hydroxymethylimidazole hydrochloride, 4-methyl- 
carbostyril, 4-methylcoumarin, methyl pyruvate, o-nitrobenzalde- 
hyde, p-nitrobenzyl acetate, p-nitrobenzyl alcohol, phenyl- 
methylglycidic ester, 1-phenylnaphthalene, a-phenylpropionalde- 
hyde, selenophenol, sorbic acid, undecyl isocyanate, and vinyl- 
acetic acid. 

This series of annual volumes is too well known to require 
further description or recommendation. They have established 
themselves as a truly American institution and are on the 
“must”’ list of every organic chemist and technical library. It is 
extremely gratifying to observe that the publishers, in spite of 
many wartime restrictions, have again produced a volume equal 
in appearance, materials, and workmanship to the former mem- 
bers of this series. Ratpu E. DUNBAR 


Norts Dakota AGRICULTURAL COLLEGE 
Farco, NortH Dakota 


Sotvents. Thos. H. Durrans, Director of the Research Labora- 
tories of A. Boake, Roberts & Co., Ltd., London. (Volume 
Four of a series of monographs on applied chemistry under the 
editorship of E. Howard Tripp.) Fifth Edition. Revised and 
enlarged. D. Van Nostrand Company, Inc., New York, 1944. 
xii-+ 202pp. 13.5 X 21.5cem. $6.00. 

This is a technical monograph, more specifically, ‘‘Lacquer 
Solvents.” Evidence of its value is certainly to be found in the 
facts, first, that it is here in its fifth edition, and second, that some 
are apparently willing to pay such a high price for less than 200 
pages of detailed information. Not only are many solvent liquids 
described and characterized in detail, but there are several gen- 
eral chapters on plasticizing solvents, solvent balance, vapor pres- 
sure and evaporation, inflammability, and toxicity. 

The casual reader will at least be interested in the editorial pref- 
ace, from which the following excellent comment is quoted: 

“It is interesting at times to speculate upon what aspects of our 
civilization the future historian will select as the most character- 
istic of our time. Scientific discoveries and their application to 
human welfare, we may be sure, will find a place; and to these 
many will add the growth of our sense of ‘values.’ The value of 
new work in science varies greatly: the golden grain is always ac- 
companied by chaff, and there is no precious ore without coun- 
try rock. Owing to the difficulty of assessing the value of work at 
the time of its production, we find that our scientific periodicals 
stand in danger of being swamped by ‘the mass of second- and 
third-rate material that is thought to be worth publishing, but 
which posterity will decree would have been better left in manu- 
script form. It is the first duty of the monograph writer to esti- 
mate the value, either actual or potential, of recent work upon 
the subject of which he writes: he must pick out the plums to 
save others from the indigestion that follows eating the whole pie. 
Further, in addition to being accurate, his work must be presented 
in a form that is both assimilable and attractive; in other words, 
he must show that lucid exposition can be achieved by the use of 
few words, if they are rightly chosen, and that attractive present- 
ation is attained rather by clear thinking than by superficial dis- 


play.” . 


Ernest V. Pannell. 


MacGNEsiIum: Its PRopUCTION AND USE. 
ix + 137 


Pitman Publishing Corporation, New York, 1944. 

pp. 45 figs. 22tables. 13.5 X 21.5cm. $4.00. 

A monograph dealing with general properties, sources, produc- 
tion, general metallurgy, and fabrication of magnesium products 
and their industrial applications. 
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Quick ond Accurate Readings 
WELCH STAINLESS STEEL 


TRIPLE BEAM TRIP-SCALE 


e STAINLESS STEEL BEAMS 


e@ DURABLE CONSTRUCTION 


e READINGS ARE ALWAYS SHARP, BRIGHT AND CLEAR 





e IMPERVIOUS TO CORROSIVE FUMES 








CAPACITY: 








1,610 grams 





Pat. Nos. 








1,756,292 
1,876,465 















SENSITIVITY: 
0.1g. 











Cobalite Knife Edges — Agate Bearings 
Stable and Well Damped 


OUTSTANDING FEATURES 


Stainless Steel 


The beam and all exposed parts are of stainless steel, which 
is practically noncorrodible by laboratory fumes. In fact 
these stainless steel parts have been placed in the following 
solutions for one month: Ammonium Hydroxide, Chromic 
Acid, Formaldehyde, Hydrogen. Sulphide, Sodium Hypo- 
sulphite, Nitric Acid, Sodium Chloride, Molten Sulphur, 
and Sulphuric Acid, and at the end of that period showed a 
total penetration of less than .0003” for any solution. This 
resistance of stainless steel insures for many years bright, 
clear, easily read scales, while the old designs with ferrous 
or nickel beams become unreadable in a comparatively 
short while. ‘This exclusive advantage in the Welch balance 
will be appreciated by all laboratory directors. Because of 
the use of Stainless Steel, it is possible to have fine, sharp 
lines, which are easily read. Every tiny screw, rivet or nut, 
in this balance is of stainless steel. 


Beam Arrest 


A beam arrest button is at the left end of the base thus 
providing for rapid, accurate weighing. This feature is 


1516 Sedgwick Street 
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particularly valuable, for the novice may learn on this com- 
paratively rough-weighing scale that the damping device 
should be handled gently so as not to throw the beam and 
increase rather than decrease the oscillations. 


Covered Bearings 


The stainless steel cover is provided so that no materials can 
fall into the agate bearings which support the Cobalite 
knife-edges. This feature will be particularly appreciated in 
the chemistry laboratory where so often balances of this 
type are ruined, and particularly those with ferrous knife- 
edges or bearings, by some of the salts falling on the knife- 
edges and into the bearings. 


Cobalite Knife Edges 


The knife-edges are hard, corrosion-resistant Cobalite, a 
cobalt-chromium-tungsten alloy. Heretofore these were 
only found in ‘‘extra-cost,” high-grade analytical balances. 
In industrial applications the remarkable performance of 
this hard, corrosion-resistant material is well known. 


Complete with two extra weights, Each $12.00 
W. M. WELCH SCIENTIFIC COMPANY 


Established 1880 


Chicago 10, Illinois, U. S. A. 





Journat oF CuHemicaL Epucation, JUNE, 1945 
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Editors 


OOD old, big-hearted Uncle Sam! Never a thought 

for himself and always ready to help the other 

fellow out of his troubles. Even feeding the rest of the 

world while he tightens his own belt—which, after all, is 
but a good, Christian act and not to be criticized. 

But now comes the pay-off! Have a look at the 
registration figures in our graduate schools, to see es- 
pecially the proportion of foreign students. It was 
brought to our attention recently that one of the 
country’s largest technical schools has a present regis- 
tration of about 150 graduate students, of whom over 
100 are foreigners. It has also been pointed out that 
an increasing proportion of Asiatic students are coming 
to our shores. 

We have always advocated international good will; 
we don’t believe in any protective tariff on education; 
we have always befriended and encouraged every foreign 
student we have met, and expect to continue to do so, 
but——-Doesn’t there seem to be something wrong with 
the picture when we turn our young men out of their 
technical training courses and send them to the Pacific 
to make Asia safe for the Asiatics, while their young 
men in the same age group come here to take the empty 
places? Maybe it is a good thing that there is someone 
to keep our graduate schools going, but there is no 
denying that these young foreigners are being given an 
advantage from which our own boys are excluded and 
that they will go back to their own countries equipped 
to compete on more than favorable terms in the tech- 
nical professions. We are not suggesting for a moment 
that we turn the foreign students out, but rather that 
we should never have turned our own students out. 

And if the FIFO discharge policy (‘‘First In First 
Out’’) should by any chance prevail, another error will 
be committed, if we assume, of course, that the im- 
portant thing is not individual convenience but the 
greatest long-range good to the country. It is of the 
utmost importance to put our technical professions 
back on a normal basis as soon as possible, but the men 
trained in these fields (and in training for them) were 
among the last to be drafted into the armed services. 
Selective Service at least started to do a job of selection. 

Now we should have some selective process of getting 
men out of the services, in relation to their importance 

in civilian life. It is understandable that the Army does 
not want to do the job of selection, but it is said to be 
receptive to the idea of a selective discharge process if 
some other agency will establish the basis for selection. 


HE pamphlet issued by the American Chemical 
Society entitled, ‘‘Vocational Guidance in Chem- 
istry and Chemical Engineering,” is on the way to be- 
coming a standard reference in its field. Some com- 
ment has been caused, however, by its statement: 
“The fields of chemistry and chemical engineering are not 


places to make large sums of money, and those primarily inter- 
ested in this phase of life should seek other and ntore lucrative 


Outlook 





lawyer, are imbued with the idea of serving their fellow men.” 


We are inclined to doubt the philanthropic motives of 
most lawyers, but that is neither here nor there. We 
also seriously doubt that many chemists are kept at 
their work by considerations of social service. On the 
other hand, every one of us must see something more 
in his job than a mere means of his own livelihood. Not 
only do the so-called professions contribute to the serv- 
ice of others, but even bankers, advertising men, in- 
surance salesmen, and theatrical producers (to mention 
a few highly paid callings) feel that their work contrib- 
utes to the general welfare—as indeed it does. 

It is a good idea to point out that the chemist’s pro- 
fession is not a particularly lucrative one, but certainly 
those who engage in it need not be imbued with the 
missionary motive. Such an implication may frighten 
away many a desirable chemist. Perhaps what is 
really meant is that the chemist’s way of life will be a 
satisfactory one only for those who can love the work 
largely for its own sake. But this is good advice to 
anyone going into any vocation. In other words, be 
prepared to take some of your pay in pleasure and 
satisfaction. 

There is a general impression that analytical chemists 
run about a nickel a bunch; certainly there are none 
getting very rich. And why should they expect to? 
Many a chemist, on the other hand, has “got into the 
money”’ by becoming an executive, and the same is 
true of engineers. Have they then forsaken their 
professions, or is it a case of ‘‘once a chemist always a 
chemist?” 

The big money will come to a man when there is 
great demand for the service he can render and few other 
people able to render it. If, for example, our hair and 
our beards became intolerable when they got to a cer- 
tain length, and if the technological difficulties of re- 
moving these appendages required great intelligence 
and long training, then barbers would get rich. But as 
it is, we are willing to go uncut and unshorn, if necessary, 
and it is not hard to learn to shave and cut hair. 

It would be an ideal state of affairs if our individual 
emoluments were adjusted in proportion to the abso- 
lute contribution which we make to the general welfare, 
but this is such a complicated economic relation as to be 
hopeless. For whose responsibility is it to see that 
$100,000 is deposited to the account of Dr. Chemist 
because the discovery he made yesterday will, in 1962, 
be the basis of a ten-million-dollar industry ? 

The economic welfare of the chemist is partly bound 
up with the socio-political forces within the labor- 
management-government triangle, and partly the par- 
ticular concern of agencies like our Society—or others 
which we may choose to establish for the purpose— 
which may find means of increasing the immediate de- 
mand for that which the chemist is equipped to do. 

But, to come back to the original thesis, chemists 
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Whats Been Geing On 


CCORDING to one estimate, about 1000 different chemi- 
cals are used in building a tank and 2000 in the over-all 
construction of a battleship. 

Interesting production figures for 1939 include: sugar, 13,349,- 
998,000 Ib., isopropyl alcohol, 179,062,266 Ib., glycerol, 154,676,000 
Ib., all coal tar dyes, 120,190,000 lb., and phenol, 68,577,421 Ib. 

In 1943, 7,157,646 tons of sodium chloride were used to pro- 
duce soda ash, 2,656,293 tons for the manufacture of chlorine, 
508,050 tons to make other chemicals, and 66,000 tons in the 
synthetic rubber program. 

One probable use for 2,3-butanediol, which is obtained by the 
fermentation of carbohydrates, is as a permanent type antifreeze. 

A pound of gasoline contains three times the potential energy 
of a pound of T.N.T. The prewar automobile utilizes only about 
8 per cent of the available energy. 

During 1944, the average octane number of premium-grade 
gasoline was 75.0, that of regular-grade was 71.1, and that of 
third-grade was 55.1. 

According to Aero Digest gasoline of more than 130-octane rat- 
ing is to be used in nipping the Nips. 

Aluminum scrap from industrial plants is used in the produc- 
tion of aluminum chloride for the high-octane gasoline and syn- 
thetic rubber program. 

The United States produced 763,000 tons of synthetic rubber 
in 1944 at an average cost of 33 cents per pound. Insome plants, 
however, the cost was less than 18 cents per pound. 

A chlorinated synthetic rubber, which is comparable in many 
respects to chlorinated natural rubber, has been developed by 
the Goodyear Research Laboratory at Akron, Ohio. 

Over 3,000,000 dollars have been provided by Congress for the 
continuation of the guayule program in California for another 
year. This involves the cultivation of 32,000 acres of guayule. 

The use of electronic principles shortens the vulcanization time 
for tire repair to 10 minutes. 

Lanaset is the trade name of a new melamine resin, produced 
by the Calco Chemical Division of American Cyanamid Com- 
pany, which is commercially available for stabilizing wool and 
wool blends without affecting the absorbency normally charac- 
teristic of this material. The treatment consists of passage of 
the wool fabric through an aqueous bath of Lanaset, followed by 
uniform squeezing through a mangle, drying, heat curing, and 
washing. 

Toolite, a self-hardening pfienolic plastic, which has been de- 
veloped by Berger of Consolidated Vultee Aircraft Corporation, 
is superior in many respects to aluminum and steel. One use is 
to replace metal machine tools and dyes in the production of 
aluminum aircraft parts. 

Hercolyn is a plasticizer, supplied by Hercules Powder Com- 
pany, that is used with antifouling paints to keep the paint open 
and sufficiently soft that the poison prevents the barnacles from 
cementing themselves to the hull of a ship. 

Geon is the trade name of a B. F. Goodrich polyvinyl material, 
which may be made resistant to abrasion, acids, aging, air, alka- 
lies, cold, creasing, flame, grease, heat, mildew, oil, ozone, sun- 
light, and water. 

A glass cloth, coated with synthetic rubber, which is flame 
proof and resistant to deterioration by acid, alkali, gasoline, 
grease, oil, insects, mildew, and water, has been developed by 
U. S. Rubber Co. 

It is estimated that nylon will be available in sufficient quan- 
tity in the postwar period to produce 450,000,000 pairs of stock- 
ings annually. 

Colored cotton, with color-fast lints in red, green, auburn, 
dark brown, blue, and khaki, has been produced by Russian 
scientists. 

Neoprene-fiberglas conveyer belts, produced by B. F. Good- 
rich Company, give long and dependable service. 

. The hydrogen ion concentration, according to Dr.. Hamer of the 


National Bureau of Standards, accounts for the fact that red 
roses are red and blue cornflowers are blue. 

The United Nations control about 85 per cent of the world’s 
mineral production. 

Minerals valued at $8,543,000,000 were produced in Alaska 
and the United States during 1944. 

It is estimated that one-eighth of the gold and silver mined 
since A.D. 1500, now lies unclaimed at the bottom of the ocean. 

R-301 is a new aluminum alloy which is used today in airplane 
construction. Tomorrow it will be used in cars, homes, and 
trains. 

The new sound-on-tape machine, in its first commercial model, 
is reported to be a neat, compact unit, which is not much longer 
than a table model radio receiver and records and plays back on 
cellophane tape with high fidelity. Tape about an inch in width 
and 320 feet long, permits up to 8 hours’ recording at a cost of 
only 50 cents an hour. 

The postwar stove will be smokeless as the result of a new de- 
sign which will utilize every bit of coal and gas that goes into it. 

According to U. S. patent No. 2,351,614, meat may be tender- 
ized by injecting 0.02 mg. to 1.0 mg. of adrenaline per kilogram 
of body weight into the living animal a few hours before slaughter. 
It is claimed that this depletes tissue glycogen and reduces acidity. 

Developments in color photography will permit the processing 
of color film by the amateur. 

Weedless tobacco plant beds are achieved by treating the soil 
with granular Aero cyanamid about 90 days before seeding time. 
The initial decomposition affords disinfection of the soil, whereas 
subsequent decomposition supplies nutrients for the plant. 

A 0.05 per cent concentration in aqueous solution of 2,4-di- 
chlorophenoxyacetic acid (2-4-D for short) is reported to be effec- 
tive as a turf-weed killer when applied at the rate of 5 gallons 
per 1000 square feet. According to claims, it kills weeds in grass 
plots, lawns, and pastures without damaging the grasses. 

Practically pure pyrethrins can be obtained from the petroleum 
extract of pyrethrum flowers by the use of nitromethane as a se- 
lective solvent. The distillation of the nitromethane yields a 
pyrethrin residue which has no irritating properties. These 
products are particularly useful in the manufacture of odorless 
household fly sprays. 

Copper plating feet has been used successfully in the South 
Pacific to stop athletes foot. The treatment takes about six 
minutes, is repeated for six or seven days, and requires only a 
copper plate, a copper sulfate solution, and a six-volt battery. 

Rutin, which is an extract of flue-cured tobacco, is definitely 
effective in treating increased capillary fragility, which is a form 
of high blood pressure. 

The inhalation of Penicillin, in the form of an aerosol, has been 
found to be effective in the treatment of pneumonia. 

According to Herbert O. Calvery, solid DDT, when applied 
topically to the skin of animals is not appreciably absorbed and 
is nonirritating and nonsensitizing. When dissolved in organic 
solvents, however, it readily penetrates the skin, is mildly irri- 
tating, and is a very mild sensitizing agent. ‘‘The pharmaco- 
logical manifestations of effect from DDT are principally loss of 
appetite, mild to severe tremors of central nervous system origin, 
convulsions, and death.” 

A by-product of the blood banks is a blood paste of red cells, 
which speeds healing of wounds. 

G.I. Joe had discovered that dimethyl phthalate does a two- 
fold job when used as a hair goo: it serves very well as both a 
staycomb and a mosquito repellent. 

Hyoscine, known also as scopolamine, has been used effec- 
tively in preventing airsickness at the Naval Training Center at 
Pensacola. Pills containing hyoscine are ingested about an hour 
before the take-off. 


Ep. F. DEGERING 
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Wolfgang Ostwald (1883-1943) 





RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 


HOMAS GRAHAM (1805-1869) ‘‘the founder of 

colloid chemistry’’ published his epoch-making 
papers in the early 1860’s. In these studies, that dealt 
primarily with dialysis, he pointed out the differences 
between what he called ‘‘the two worlds of matter.” 
He also coined the excellent terms colloid, crystalloid, 
dialysis, sol, gel, and so forth. Angus Smith, in 1875, 
eulogized this work: ‘We see how carefully Graham 
thought on the internal constitution of bodies by ex- 
amining the motion of the parts, and from the most 
unpromising and hopeless masses under the chemist’s 
hands—amorphous precipitates of alumina or of albu- 
men—brought out analogies which connected them 
with the most interesting phenomena of organic life. 
Never has a less brilliant looking series of experiments 
been made by a chemist, whilst few have been as bril- 
liant in their results, or promise more to the inquirer 
who follows into the wide regions opened.” Findlay’s 
appraisal is less florid, but more realistic. “Although 
the experiments of Graham did not contribute much 
to the elucidation of the fundamental nature of col- 
loidal systems, they were of great practical value; for 
the process of dialysis which Graham introduced gave a 
means of separating and distinguishing between what 
Graham regarded as two different kinds of matter, but 
which are now recognized merely as different states of 
matter.” 

During the rest of the century relatively little was 
done. The behavior of a few colloidal systems was 
studied but, by and large, the field was tilled hardly 
at all until practical considerations forced chemists and 
physicists to make systematic investigations of col- 
loidally dispersed materials. Industries such as dyeing, 
cement, rubber, soap, photography, artificial textile 
fibers, starches, glass, soaps, tanning, etc., had de- 
veloped and expanded tremendously during the latter 
half of the 19th century. They involve colloidal 
phenomena, and éarefully planned studies were neces- 
sary so that the rule-of-thumb control of these import- 
ant industries could be replaced by well-grounded rule of 
science. ‘Although the chemists of the preceding cen- 
turies dealt mostly with crystalloids, in the 20th cen- 
tury they will have the important obligation to devote 
the same attention and to expend like energy on the 
study of colloids.” 

The outstanding leader in this movement, that has 
flowered into modern colloid chemistry, was Wolfgang 
Ostwald. Not only through his experimental studies, 
papers, and books, but by his public lectures, his organi- 
zation of symposia and conventions, and by his editorial 
activities, he, more than any other individudl, was re- 
sponsible for the magnificant edifice that has grown 
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from what he once most aptly called “‘the chemistry of 
neglected dimensions.” 

(Carl) Wolfgang Ostwald was born at Riga on May 
27, 1883. He was the oldest son of Wilhelm Ostwald,! 
the illustrious physical chemist, teacher, and philoso- 
pher. In 1887, the family moved to Leipzig and Wolf- 
gang’s life, as boy and man, was centered in the Univer- 
sity there. Since the professor’s apartment adjoined 
the Institute fiir physikalische Chemie, the boy ran in 
and out of the laboratory and accepted the scientific 
atmosphere as part of his normal environment. When 
he reached the ‘‘collecting’’ age, insects were his choice. 
His mother thought that this efithusiasm should be 
systematically directed and, during her husband’s 
absence, appealed to his colleague Leuckart. The 
latter found numerous small jobs in the zoology mu- 
seum. However, cleaning bones, assembling skeletons, 
and so on, did not consume all Wolfgang’s energy and, 
quite on his own, he carried out his first research. He 
studied the ability of May-fly larvae to use substitutes 
for the plant remains ordinarily employed in building 
their pupa cases. He wrote up his results, took the 
paper to Prof. Leuckart, who had it published. The 
author was just 15. 

Although Wolfgang’s father hoped that he would be- 
come an engineer, the young man’s association with 
science had been too long and too intimate for him to 
abandon this field. Soon after the completion of his 
doctorate in 1904 at Leipzig, he went to Berkeley as 
research assistant to Jacques Loeb. Here he met the 
physician and physiologist, Martin Fiseher.2 They 
published a joint study on the physical-chemical 
theory of fertilization. Their acquaintance ripened 
into a life-long close friendship that, in later years, had a 
definite effect on the prosecution and advance of col- 
loid chemistry in America. 

In 1906 he returned to Leipzig as assistant in the 
zoology department. He now definitely turned to 
problems presented by pure colloid chemistry, an 
interest that became predominant when, in 1907, he 
accepted the editorship of the Kolloid Zeitschrift, 
which had been founded the previous year. The use- 
fulness of this periodical was enhanced in 1909 by the 
founding, under the same auspices, of a supplementary 
journal, the Kolloidchemische Beihefte, to provide a 
medium for the publication of lengthy papers and 
studies. Ostwald edited these journals the rest of his 
life. 


1 Confusion of the three W. Ostwalds has been avoided by 
referring to the father.as W. or Wi., and to the sons as Wo. 
(for Wolfgang) and Wa. (for Walther). 

* 2Now professor of physiology in the medical college of the 
University of Cincinnati. 
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The whole of his academic career was spent at the 
University of Leipzig: Privatdozent, 1907; Extra- 
ordinarius, 1916; Professor of Colloid Chemistry, 1935. 
He was attached to the physical chemistry institute. 
When his chosen field became sufficiently recognized, 
a special colloid division was set up in the famous 
laboratory, which his father had built and then directed 
for so many fruitful years. 

Wolfgang Ostwald was imbued with an evangelistic 
fervor and he traveled widely to spread the colloid 
doctrine. Extended lecture tours, arranged prin- 
cipally by Dr. Fischer, brought him back to America 
twice. Those who heard his wonderfully interesting 
and well-illustrated talks were infected with his en- 
thusiasm and went away with a fuller comprehension 
of what colloid chemistry was and could become. A 
permanent memorial of his first American tour was the 
fascinating little book: ‘‘Die Welt der vernachlassig- 
ten Dimensionen.’’* In England he worked pri- 
marily through the Waraday Society, participating in 
many colloquia. His lectures in Spain, Switzerland, 
Italy, France, Holland, and the Balkan countries left 
lasting imprints. Everywhere he preached the need 
of the establishment of chairs of colloid chemistry and 
the founding of research institutes, advice that has 
been heeded perhaps more in other countries than in 
his own fatherland. He was a fine example of the 
brotherhood of scientists and he left behind him a 
feeling of warm friendship and international good will. 

He was the leader in the organization of the Kolloid 
Gesellschaft in 1922. Its annual meetings brought 
together scientists from many countries. The out- 
standing success of these gatherings was due in prime 

3 OstwaLD, Wo., ‘‘The World of Neglected Dimensions,”’ 


translated by M. Fischer, John Wiley and Sons, New York, 
1922. Ten German editions were issued, the last in 1927. 
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measure to Dr. Ostwald, who not only took a leading 
part in selecting the central theme but assembled the 
program. By common consent he was the permanent 
chairman of the Gesellschaft, and the members would 
not listen to his requests to be allowed to retire. 

He and his students issued more than 200 papers 
on a wide range of topics. He particularly studied 
the viscosity of colloid dispersions, especially ‘‘struc- 
tural viscosity,’ his well-known ‘‘Bodenké6rperregel,” 
foaming and breaking of foams, electrolyte-coagulation 
of sols, etc. Wherever possible he treated the topics 
from the mathematical-theoretical standpoint, trying 
always to get closer to the heart of these complex phe- 
nomena. He was, of course, interested in technical 
problems and published much on 1ubber, peat and 
humic acid, gelatine and starch, paper, ceramics, lub- 
ricants, etc. 

His books include his “‘Grundriss der Kolloid- 
chemie,’’* and ‘‘Das Kolloidchemische Praktikum’”’ 
(1930) which was reprinted seven times. His ‘Licht 
und Farbe in Kolloiden’”’ was published in 1924. 

For a time he edited the series ‘“‘Klasstker der exakten 
Wissenschaften”’ which his father had issued with great 
success. He also collaborated in his father’s ‘Color 
Atlas.’ Wolfgang Ostwald was a talented musician 
and was on intimate terms with members of the Leipzig 
symphony orchestra. He wrote excellent songs, both 
words and music. 

While on a vacation at Dresden, he died unexpectedly 
on November 22, 1943, a loss to the chemical world 
that is mourned in both Axis and Allied nations. 





4 The English translation by Fischer, Oesper, and Berman was 
published at Philadelphia in 1915 with the title ‘‘A Handbook of 
Colloid Chemistry.”’” There were seven German editions, but 
unfortunately no more than the first half of this important text 
was ever issued. 


An Electronic 1000-Cycle Sine Wave Oscillator 
(Editor’s Note) 


FATHER F. C. Hickey, of Providence College, has 
pointed out two errors in the article of the above title, 
by Morris J. Heldman, which we published in our No- 
vember, 1944, issue. 

First, in the parts-list below Figure 1, on page 553, 
the tube designations for V; and V3 have somehow 
been interchanged. The diagram shows that V; and V3 
are, respectively, triode and pentode, and anyone suf- 


ficiently familiar with electronics wjll know that this 
order corresponds with the respective tube designations 
35L6 and 12SJ7. 

Second, experience in constructing this apparatus 
showed that satisfactory operation required a grid leak 
of 50,000 ohms between the control grid of tube V2 and 
the ground. After this, a very satisfactory sine wave 
was obtained on the oscilloscope. 


When you know you are doing your job perfectly—look for ways to improve it—or 


- someone else will. 
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On the Phase Rule 


OTTO REDLICH 
The State College of Washington, Pullman, Washington 


CIENTIFIC ideas, on their journey through the 

textbooks, usually gain in precision. In general 
the presentation becomes stricter, clearer, and at the 
same time simpler. 

Sometimes the opposite happens. In recent discus- 
sions of the phase rule the number of degrees of freedom 
is called the number of variables which must be speci- 
fied for a complete definition of the system. The un- 
prejudiced reader will have some difficulty in under- 
standing that the ‘‘complete definition of the system” 
extends only to the intensive properties. 

Actually the phase rule is based just on the distinc- 
tion between extensive and intensive properties. It 
can be derived by simply counting the number of inde- 
pendent intensive variables." 

A slightly more precise definition of the terms “‘in- 
tensive’ and “‘extensive’’ properties is desirable. If a 
homogeneous system consists of two identical parts, its 
intensive properties have the same value for the total 
system and its parts; the value of an extensive prop- 
erty of the total system is twice its value for either part. 

We talk of an intensive property of a heterogeneous 
system only if it is defined for each phase and has the 
same value for each phase. Any sum of extensive 
properties of the phases is an extensive property of the 
system. 

These definitions, while perhaps not explicitly speci- 
fied before, are in accord with general usage. Thus, 
temperature, pressure, concentration, dielectric con- 
stant, extinction coefficient, molal volume, density are 
intensive properties, but the average density or the 
average specific heat of a heterogeneous system is not 
called so. 

Likewise, extensive properties are the weight, vol- 
ume, energy, heat capacity, or surface area of a homo- 
geneous or heterogeneous system. But artificial con- 
structions like the product of the weights of two phases 
divided by the weight of a third phase are not included 
in the present definition of extensive properties al- 
though they are in the traditional definition. 

The present or some equivalent definitions, which 
are only more precise expressions of actual usage, are 
indispensable for a correct statement of the phase rule. 

For didactic reasons it is advisable to stress the ob- 
vious fact that a system has many more properties than 
the intensive and extensive ones. The square root of the 
weight of a system is a property which is neither in- 
tensive nor extensive. On the other hand, all proper- 
ties can be expressed by means of intensive and exten- 
sive properties and therefore attention may properly be 
restricted to these. 


1 The following derivation was outlined earlier in a ‘somewhat 
different form, cf. O. Repiicu, Z. anorg. allgem. Chem., 174, 218 
(1928). 
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If surface phenomena are disregarded, all properties 
of a single phase can be expressed by means of intensive 
properties and a single extensive property, for instance 
its weight. A system consisting of P phases, therefore, 
is completely described by a number of intensive prop- 
erties and P extensive properties (however, see Note 2). 

The total number of variables, determining the 
equilibrium state of a system, can be immediately de- 
duced from a construction of the system. An example 
will furnish the best explanation. We take 100 kg. of 
water, 5 kg. of nitric acid, 10 kg. of sulfuric acid, and 1 
kg. of benzene, all substances in their normal states at 
7°C., pour them into a platinum box of a volume of 135 
liters, insulate the box from its environment, and leave 
it to itself. This prescription specifies the amounts of 
the four independent components, their total energy 
content, and the volume. These six variables are in- 
dependent, 7. e., if any of the six specified values is 
changed the result will be a different system. 

The phase rule will be derived from the basic assump- 
tion that this description completely defines the system 
in its final equilibrium state. This means, that the 
properties of the system in equilibrium will be the same, 
whatever the order of mixing the component (but see 
Note 1) or the original distribution of the total energy 
among the components or the shape of the box or the 
elevation above sea level, etc., may be. Thus it is as- 
sumed that the system in equilibrium is described by 
precisely C + 2 variables where C is the number of in- 
dependent components. 

Since the system also can be described by P extensive 
and a number of intensive variables, there must be F = 
C + 2 — P independent intensive properties. There 
cannot be more, because P of the C + 2 independent 
variables are necessarily extensive. The number of 
degrees of freedom F is the number of intensive vari- 
ables which can be arbitrarily changed while P phases 
are present. * 

It is believed that this derivation, by simplifying the 
arithmetics of the proof, directs the attention to the 
fundamental concepts. A few details are discussed in 
the following notes. : 

Note 1. The derivation demonstrates that the phase 
rule is valid precisely to the extent the basic assumption 
holds. This assumption implies that, after the system 
has been built up, a reaction either does not occur at all 
or proceeds to the equilibrium. The phase rule applies 
to both cases but the resulting systems are different. 
It is well known that the term ‘equilibrium’ has a 
meaning only with respect to specified reactions. Iu 
the foregoing example nitration and sulfonation of ben- 
zene should be explicitly excluded. 

Note 2. The derivation shows immediately the sig- 











266 


nificance of the term ‘independent components’ in 
accord with the usual definition. Nothing need be said 
with respect to the fact that the number of independent 
components depends on the reactions regarding which 
equilibrium is established (hydrogen, oxygen, and wa- 
ter as two or three components). But a special case, 
thoroughly discussed in the earlier literature, should be 
mentioned. If calcium carbonate undergoes a partial 
dissociation, the amounts of calcium oxide and carbon 
dioxide are stoichiometrically equivalent. If the sys- 
tem is built up by means of one component (calcium 
carbonate), the amounts of the phases are not inde- 
pendent. To exclude this case, one usually and cor- 
rectly states that the independent components must 
suffice for the construction of each phase separately. 
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Note 3. The areas of interfaces between the phases 
are extensive quantities. Plane interfaces, therefore, 
can be taken into consideration without any change of 
the phase rule. If, however, the curvature of an inter- 
face is appreciable, a new intensive property appears, 
1. e., the number of degrees of freedom is increased. 

Note 4. In the usual derivation, phases which do not 
contain all components cause an unpleasant complica- 
tio. Some authors attempted to circumvent this dif- 
ficulty by means of the entirely unjustified fiction that 
all components are present in all phases. The present 
derivation is free of any difficulty of this kind. 

Note 5. No use has been made of the second law. 
This is the essential difference between the usual deriva- 
tion and the present one. 


A Question of Balancing — 


ARTHUR PORGES 
Western Military Academy, Alton, Illinois 


FTER examining a great many chemical equa- 
tions, one concludes that most of them are of the 
type in which the number of compounds involved 
exceeds the number of elements by unity. 
Mathematically this unit difference implies a unique 
balancing of the equation, since if the number of 
compounds be taken as the number of variables, and 
the number of elements (or radicals) as that of linear 
equations in the variables, the mathematical system 
of N homogeneous linear equations in NV + 1 variables 
has a unique solution except for multiples of the values 
of the variables. 
The following familiar equation will serve to clarify 
this point: 
FeCl, + K2Cr.0, + HC1— FeCl; + KC] + CrCl; + H2O (1) 


If we let X, equal the number of molecules of the 
n-th compound, counting from left to right, and equate 
the number of atoms of each element appearing in the 
left member of (1) to the number of atoms of the 
same element appearing in the right member, we have 
the following system of six. homogeneous equations in 
seven variables. 


Fe: Xi = Xs 

Ch; 2X, + X3 = 3X, + X¥5 + 3X6 

K: 2Xo = X5 (2) 
Cri°2X. = Xe 

O: 7Xo = X7 

pS X3 = 2X7 


If we solve the system (2) for each variable in terms 
of, say, X2 (any choice is possible), we readily find 


xX; = 6X2 

Xe wag 2 

X3 = 14X2 

X, = 6X2 (3) 
Xs = 2X2 

X6 = 2X2 

X7 = 7Xe 





It is evident that the general integral solution of (2) 
is derived from X2 = K, where K is any positive inte- 
ger; and consequently although (2) has an infinite 
number of integral solutions, all of them derive from 
X_ = K, and consist merely of multiples of values for 
the respective variables established by (3). All 
solutions other than that for K = 1 are therefore trivial 
chemically as well as mathematically. 

A second type of chemical equation, less numerous 
than the first variety, is that the balancing of which 
leads to R equations in N variables, where R = N. 

An example of this second type is the following: 


As2S; + (NH4)2S — (NH,)sAsS3 (4) 
Here the linear equations derived from (4) are 


As: 2X, = X3 
S: 3X, + X2 = 3X3 (5) 


NHig: 2Xo = 3X3 
The determinant, D, of the system (5), given by 


2 0 -1 
D#(j|3, 1 .-3 (6) 
0 2 = 





is easily shown to vanish, and that consequently 
equations (5) are not independent. 

Once again, although infinitely many integral 
solutions of (5) are possible, they are all multiples 
of the simplest: 


Xi = 1, X. = 3, and X; = 2 


A different situation, vastly more intriguing than the 
two briefly treated above, arises when we encounter 
the rarest variety of chemical equation—the type in 
which the number of compounds exceeds that of the 
elements by two or more. 

An interesting equation of this third variety is the 
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following, which the writer has had among his notes 
for many years without being able to recall anything 
more definite of its origin than that it was copied from 
a chemistry text (author unknown) years old at the 
time and now, one presumes, long out of print. 
HAuCl; + K,Fe(CN).s ~ KAu(CN), + KAu(CN):2 + 
KAu(CN)2Ck + KCl + HCl + [4Fe(CN);- 3e(CN)a] (7) 
Here the mathematical system consists of six homo- 
genous equations in eight variables, the complex iron 


salt being regarded as a single molecule. Specifically 
the equations are 
H: Xy = X71 
Au: X, = X3 + Xa + Xs 
Cl: 3X, = 2X5 + Xe + Xr (8) 
J See Sunn 
e: 


(CN): 6X2 = 4X3 + 2X, + 2X5 + 18X;, 


The existence of at least one integral solution of (8) 
is established by the chemical equation itself. Mathe- 
matically, the nonvanishing of a sixth order determi- 
nant of the matrix of (8) establishes the existence of 
infinitely many solutions without indicating, however, 
how many of these are integral. 

If we solve the system (8) for six of the variables in 
terms of the other two, say, X; and X2, we easily obtain 


Xi = xX, (9.0) 
Xe = Xe (9.1) 
Xs = (1/7)(12X2 — 7X1) (9.2) 
Xe = (1/14)(7X1 + 4X2) (9.3) 
Xs = ('/2)(8X1 — 4X2) (9.4) 
X6 = 4Xe = Xi (9.5) 
X, = X (9.6) 
Xs = (*/1)(X2) (9.7) 


From (9.7), we see that X2 must be a multiple of 7. 
Let X2 = 7K, where K is any positive integer. The 
obvious inequalities 


12X, > 7X; (10.0) 
3X1 > 4X2 (10.1 





limit X, to values established by 


12K > X, > (28/3)K (11) 


Since by (9.4) X; must be even, its least value satisfying 
(11) must be X; = 10 when K = 1. 

By similar reasoning it is not difficult to show that 
all solutions of (8) are given by 


X, = 12K —2 
xX; = 7K 
X3 = 2 
X= 8K -—1 
Xs; = 4K —3 
Xe = 16K +2 
X7 = 12K — 2 
X,=K 


where K takes on all positive integral values. Here it 
is apparent that the solutions are not multiples of that 
given by K = 

The crux of the whole matter is this: Is there, for 
equations of this third type which admits infinitely 
many distinct, nonmultiple solutions, a “‘least action”’ 
principle similar to that in mechanics? Of the un- 
limited number of ways of balancing s:ch an equation 
as (7), is that corresponding to the solution in Jeast 
integers of the linear equations the one invariably 
indicated by the laboratory work, which is, after all, 
the real criterion? Further, what would a minitnum 
solution be—that for which the square root of the 
arithmetic mean of the squares of the variables is less 
than for any other solution? 

In the very few equations of the third type en- 
countered by the writer, the balancing in least integers 
was always that for which K was also least, and was 
identical with the laboratory balancing; but given a 
general solution not minimized by the smallest ad- 
missible value of K—theoretically not impossible— 
then what? 
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Chasvles’s and Boyle’s Laws 


A Classroom Demonstration 


ARTHUR W. DEVOR! 
Adelphi College, Garden City, New York 


HE author finds it somewhat confusing to many 

beginning chemistry students to perform and under- 
stand gas law experiments as directed in most labo- 
ratory manuals. In the demonstration described here 
the student can see the change of pressure, tempera- 
ture, and volume. There is no correction for vapor 
pressure which is confusing to some beginning stu- 
dents. The setup and use of this type of apparatus 
(see Figure 1) is described by the author in a previous 
article.2 However, two details were omitted, one of 
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which is the correction due to the surface tension ef- 
fect in the barometer, and the other is that, when 
filling the barometer, the air bubbles were best elimi- 
nated by introducing a small amount of Hg at a time 
and carefully bumping the closed end down against a 
rubber pad. In Figure 1 it should be noticed that two 
capillary tubes, one of which is connected to a dropping 
funnel, by means of an oil-resisting rubber tube, have 
been added. 

1 Present address: University of Southern California, Los 


Angeles, California. 
2 J. Cuem. Epuc., 22, 144 (1945). 





The volume of the system was determined by filling 
it with mineral oil and then draining the oil into a 
graduated cylinder. It was then flushed out for several 
minutes with dry gas (air, Os, or Ne are suitable) to 
eliminate all traces of moisture which might cause er- 
rors. The screw clamp A was closed; mineral oil was 
introduced into the funnel C; the stopcock was opened 
until the air in the tube was displaced and then screw 
clamp A was opened long enough to allow the oil to 
fill the capillary tube. With screw clamp A closed and 
screw clamp D open, the suction flask was lowered into 
a beaker of water which was heated to boiling until the 
temperature inside the flask was above 90°C. The 
pressure on barometer B was recorded, the heat re- 
moved, and as soon as the temperature of the bath low- 
ered to the temperature inside the flask the screw 
clamp D was closed and the temperature recorded. The 
hot water was siphoned out of the beaker and all con- 
nections were greased to prevent air leaks. Cold water 
and a little ice were added to the beaker for rapid cool- 
ing. At this point the students can see the Hg drop due 
to the decrease in pressure. When the temperature in- 
side the flask was approximately 10 degrees above room 
temperature the bath was warmed very slowly until the 
temperature of the bath and the temperature inside 
the flask were the same (very near room temperature). 
The temperature and pressure were then recorded. 


TABLE 
Calc. Calc. 
Observed Vol. Vol. 
Pressure Volume (Boyle's (Charles's 
Temp. (°C.) (Mm. Hg) (M1.) Law) Law) 
\ 100 769 575 ) 
First trial + 20 607 573 452 ml. 452 ml. 
( 20 769 453 
( 97 768 575) 
Second trial - 20 612 573 457 ml. 455 mL 
( 768 456 


Mineral oil was added to or removed from the dropping 
funnel by means of a pipet, to bring the oil level to the 
mark on the funnel. Then 200 ml. more of oil were 
added from a graduated cylinder and screw clamp A was 
opened (temperature constant) until the pressure inside 
the flask was the same as it was when recorded at the 
beginning of the experiment. The screw clamp was 
closed immediately and the temperature and ‘pressure 
again recorded. The excess oil was removed by means 
of an oil-rinsed pipet, until the level of the oil was at 
the mark on the funnel, and transferred back to the 
200-ml. graduated cylinder. From the decrease in 


volume of the oil in the cylinder and from the total 
volume of the system (inside the flask), the volume of 
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the gas, at the lower temperature and at the higher 
pressure, was calculated and recorded. The decrease 
in the volume due to decrease in temperature was 
checked by draining the flask into a clean graduated 
cylinder. The temperature, pressure, and volume were 
recorded, and the volume was calculated from the gas 
laws and compared with the observed volume, as shown 
in the table. 

With these data the student can see that the temper- 
ature is constant in one case, the pressure in another. 

The effect of vapor pressure due to water vapor can 
be explained as described in the previous article.’ 
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For more advanced students an excellent method of 
proving these laws is described in an article by Stein- 
bach and Conery.* Other methods of demonstrating 
Boyle’s law are described by Dutton‘ and by Hays and 
Gustavson.§ 

There was a slight decrease in volume as the mercury 
in the barometer B dropped. This was determined by 
finding the volume per decimeter of tube and from the 
drop in the Hg column. 


8 [bid., 21, 216-19 (1944). 


4 Tbid., 18, 15-16 (1941). 
5 [bid., 16, 115 (1939). 


Nonstoichiometric Equations 


WILLIAM C. 


McGAVOCK 


Trinity University, San Antonio, Texas 


HE above title is quoted from the article by O. F. 

Steinbach which recently appeared in THIS 
JourNAL (1). Examples cited by him are oxidation- 
reduction reactions for which a unique set of coeffi- 
cients may be obtained by the usual method of O-R 
balancing (2). These reactions, therefore, are not 
“nonstoichiometric.”’ 

Nevertheless, and in spite of the lack of examples, 
the term ‘‘nonstoichiometric’” is thought provoking. 
It has long been realized that a substance may par- 
ticipate in two different reactions simultaneously, in 
which case the relative amounts of the two products 
would bear no fixed ratio to one another. In handling 
such systems two different equations are written. 

Further, it has been realized that an intermediate 
may decompose at such a rate that it remains among 
the analyzable components of the reaction mixture. 
No effort is made in such a case to set up a stoichio- 
metric ratio between the amount of the intermediate 
and the amount of the final product. This would be 
a nonstoichiometric condition, but no need for a special 
classification is felt for such a relationship. 

Is there, then, such a thing as a “‘nonstoichiometric”’ 
reaction? The answer is believed to be affirmative. 

Definition: A nonstoichiometric reaction may be 
defined as one in which a given set of reactants yields 
end products whose molecular proportions are variable 
in a continuous sense. 

Example: An example has been found by McGavock 
(3) in the cracking reaction: 











—2'/, 61/4 —2 
a Horm ae 
Fé oe 
a CsHis — 6C.Hi+c¢ CsHe + d CH. 
‘ 
—21/, a/, anf 


Application of the conservation law through the 





algebraic method, proposed by Bottomley (4) in 1878, 
to each species of atom in the reaction equation above 


yields the following algebraic equations. (Let a = 1.) 
2b + 3c = 7d (Hydrogen) (1) 
8a = 2b + 3c + d (Carbon) (2) 


From these two equations, it is not possible to solve 
for the four molecular coefficients. A third equation 
is needed. This may be obtained by using the con- 
servation law as applied to electrons. The oxidation- 
numbers are the instruments of this application, shown 
in the diagram above. It follows that: 


(4x2 b) +CAX38X0=(AX1X@~ 


which on simplifying becomes: 
18a = 4b + 6c + 4d (3) 


From (1) and (2) itis apparent thata =d = 1. Then 


all three equations reduce to: 
2b+3¢=7 | 


The only integral, positive values satisfying this equa- 
tion are: 6 = 2; ¢ = 1. 
The equation then is written: 


1CsHis =e 2C.H, ot 1C;He + 1CH, 


However, it is not possible, either on an algebraic or 
empirical basis, to exclude nonintegral values for the 
coefficients. Each point on the straight line (Figure 1) 
in the accompanying graph represents a pair of positive, 
nonintegral values. An infinitude of such points, 
corresponding to an infinitude of pairs of coefficients 
in the above equation, exists. On the basis of this find- 


ing, it is asserted that this cracking reaction represents 
a truly nonstoichiometric reaction. 

Finally, it is necessary to explain the existence of the 
multiple sets of coefficients for the equations cited by 
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Steinbach. The algebraic method of Bottomley is 
again of assistance. Upon writing the algebraic equa- 
tions for each of the reaction equations cited, it is ap- 
parent that each set of coefficients which is correct 
(see note below) conforms to the algebraic require- 
ments thus imposed. A single example is sufficient: 
a KMnQ, + 6 H2O2 + ¢c H2SO, > d KHSO, + e MnSO, + 

I H,O + g Oz 
Applying the law of conservation to each species of 
atom, we obtain: 


a = d (Potassium) (1) 
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a = e (Manganese) (2) 

4a + 2b + 4c = 4d + 4e + f + 2g (Oxygen) (3) 
2b + 2c = d + 2f (Hydrogen) (4) 

c = d +e (Sulfur) (5) 


There are five equations and seven unknowns. No 
unique solution is possible from this set of equations 
alone; an infinitude of sets of solutions exists. The 
fact that Steinbach has discovered a few of these sets 
is not significant in determining the nature of the reac- 
tions. 


Note on Errata in the Steinbach article (1): 


Coefficients for O2 in the KMnOQ, equation: 

Change ‘‘18”’ to “‘23.” 

Change ‘‘23”’ to “25.” 
In the K2Cr20; equation : 

Change ‘‘K,Cr20;’’ to ‘‘KeCr2O;.”’ 

Star the second set of coefficients rather than the third. 
In the KOCI-KCI1O, equation: 

The fifth and sixth sets of coefficients are incorrect. 
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Boiling-point Elevation 


JOSEPH JOFFE 
Newark College of Engineering, Newark, New Jersey 


N THIS paper is derived a law for boiling-point ele- 

vation in solutions which obey Raoult’s Law, which 

holds up to considerably higher concentrations than 
the usual forms of this law for dilute solutions. 
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Consider the vapor pressure curves of solvent and 
solution shown in the figure. The solvent boils at a 


temperature J) and a pressure po. The solution attains 
this pressure at temperature 7. The vapor pressure 
lowering Ap = po — p and the boiling-point elevation 
AT = T — Tpoare related by the slope of the secant 


BC which cuts the vapor pressure curve of the solution 
at Band C: 
Re = slope of BC (1) 

The slope of the secant BC may be approximated 
by the slope of the tangent to the curve at B, which is 
dp _ Lp 
dT RT? 
For a solution obeying Raoult’s Law L is identical with 
the molal latent heat of vaporization of the solvent from 
the pure solvent.! Hence, equation (1) becomes 





given by the Clapeyron-Clausius equation, 





ue) dpe! oo fhg: 1 REF Ap 
satis is) 2 he » 
Gils Ki¢ 


But by Raoult’s Law pg = Nip, and Ap = Noepg, where 
N, is the mol fraction of the solvent and N-» is the mol 
fraction of the solute. Hence, from equation (2), 





1 GLASSTONE, S., ‘‘Text-Book of Physical Chemistry,’”’ D. Van 
Nostrand Company, Inc., New York, 1940, p. 616. 
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RTo? Ap _ RTo? Nz 


Ae, gE 


(3) 





or, since N2/N; = m2/m, where m2 is the number of 
mols of solute and 7; is the number of mols of solvent, 


me 


AT a s 


(4) 





Equation (4) is the form in which the law of boiling- 
point elevation in dilute solutions is usually given. 
Since the slope of the secant BC is steeper than that of 
the tangent at B, it can be seen from the figure that 
the value for AT obtained from equation (4) is too 
large. 

On the other hand, if the slope of secant BC is ap- 
proximated by that of the tangent to the curve at C, 


Ap Ap RT? Ap 
Ll 2 Se ee a oe ee 
4 a Be ASL | ae (5) 
aT Je RT? 


With the aid of Raoult’s Law this becomes 
RT? 





or, since JT ~ To 
"RT? " 
AT = zy Ne (7) 


The law of boiling-point elevation is ‘usually derived 
in this form and equation (4) is obtained from it by a 
second approximation, since in dilute solutions N2 ~ 
m2/n,. Equation (7) gives a value for AT which is 
too small, since the slope of the tangent at C is steeper 
‘than that of the secant BC. 

In fact, equations (4) and (7) give deviations in op- 
posite directions from the ‘‘exact”’ law of boiling-point 
elevation which is obtained by integration of the 
Clapeyron-Clausius equation. The ‘‘exact’’ law is? 


_ RTT» 


AT = 7 





In(1— Ne) (8) 


Expanding —/n (1 — Ne) in an infinite series* we have: 
—In (1 = Ne) = Ne+ 1/.N2? + 1/3No8 See (9) 


Obviously, equation (7) follows from (8) if in the ex- 
pansion all terms in NV, after the first are neglected. 
On the other hand,‘ 


me oe = N+ N+ N+... 


) 
were 3 (10) 


so that the mol ratio can be substituted for —/n (1 — 
Ne) giving equation (4). 

A much better approximation than either equation 
(4) or (7) can be obtained by constructing a tangent to 
the vapor pressure curve of the solution at a point inter- 


2 Noyes, A. A., AND M. S. SHERRILL, ‘“‘A Course of Study in 
Chemical Principles,” 2nd Edition, The Macmillan Company, 
New York, 1938, pp. 227-9. 

3 See, for example, EuCKEN, A., E. R. JETTE, AND V. LA MEr, 
‘Fundamentals of Physical Chemistry,” McGraw-Hill Book 
Company, Inc., New York, 1925, p. 21. 

4 Tbid., p. 213. 
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mediate between B and C. Thus, if point D is chosen 
at which pp = p4 — 1/2Ap, we have: 


dp Lop L ‘pa — '/2dp 
dT \p RTp? 
RTp? No RTp? Ny 


et a ee eee (11) 


m + 1/2Me 
That this result is a better approximation of the ‘‘ex- 


act”’ boiling-point law is shown by expanding a. ee 
m + 4 22 


No P : ; F 
= ————— in an infinite series: 
1 — 1/,N2 
Pn mee eee ee (12) 
1 as 1/,No 4 2 ee “) 


We see that the first two terms of this series are identi- 
cal with those of the series in (9) and that the third 
term differs by only 1/::N23. If it is assumed that T, 
is the geometric mean of TJ) and 7, equation (11) be- 
comes 

= RTT» ; Ne 


* L nm, + 1/oMe 


(13) 
which is a close approximation of equation (8). 

For greatest accuracy a mean value of L should be 
used, corresponding to the mean of temperatures 7) 
and T. 

In the table below are given values of —/n(1 — Ne), 
N2/m, and of m2/(m, + 1/2m2) which correspond to cer- 
tain values of Np». 





—In (1 — Ne) 0.01005 0.02020 0.05129 0.1054 0.2231 0.6932 
N2 0.01000 0.02000 0.05000 0.1000 0.2000 0.5000 
n/m 0.01010 0.02041 0.05263 0.1111 0.2500 1.0000 

a kai 0.01005 0.02020 0.05128 0.1053 0.2222 0.6667 


It is seen from inspection of the table that at a mol 
fraction of 1/1) the error in using the mol fraction or the 
mol ratio in place of the logarithmic function is 5.5 per 
cent, while the error resulting from the expression 


is about 0.1 per cent. Even at a mol frac- 


N2 
1 
m + 1/oMe 


tion Ne = '/2 the expression involves an 


, MN 
m + '/ane 
error of only 3.8 per cent. It may be concluded that 
equation (13) may be used in place of equation (8) even 
in fairly concentrated solutions. which obey Raoult’s 
Law. 

For the purpose of calculating molecular weights of 
dissolved solutes equation (4) is often written in the 
form: 
1000w2K, 


AT (14) 


M, = 
where M; is the molecular weight of the solute, w; and 
Ww, are the weights of solvent and solute, respectively, 
and K, is the boiling-point constant. 
Similarly, starting with (13) we have: 
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AT = RI To. LS om R(To + AT)1 : 1 (15) 
L m 1 L Wi M2 | 
N2 . 2 Myw2 A 
Consequently: 
wiM, RT? + RToAT 1 : 
Man -~ iar Ss (16) 
M, = @ RT? Mi 2 Mw» ; 1/,L — RT» (17) 
~~ w AT 7; Wi Se 
a! 1006 )we Ko Mi w2 1/o0, mane: RT» 
i = maT wm L . (18) 


The second term on the right of equation (18) may be 
looked upon as a correction term which can be applied 
to the value of the molecular weight as usually obtained 
from (14). Thus, for a '/19 molal solution of naphtha- 
lene in benzene (M, = 128) the correction amounts 
to —0.40 or 0.3 per cent. 


Differential Equations 
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It can also be shown that if pp is assumed to be the 
geometric rather than the arithmetic mean of p,4 and 
ps, a Still better algebraic apprekimation to equation 
(8) is obtained: 


aT =. 4. VN, (19) 
for which the = is: 


n 
- VN, = = Nz + 1/2N2? + 3/3N23 + 5/igNo4 + .. 


(20) 


fee ey 


Equation (19), however, is not as well adapted to nu- 
merical computation as (13), particularly when it is re- 
quired to solve for the molecular weight of the solute. 
The above analysis can be extended to freezing-point 
lowering, yielding equations for AT and M2 exactly 
analogous to equations (13), (18), and (19). 


and Their Importance 


to Students of Physics and Chemistry 


FRED W. 


SCHUELER 


University of Colorado, Boulder, Colorado 


6¢ 9, ‘IRST impressions are the most lasting.”” This 

statement must claim as one of its greatest ex- 
ceptions the subject of mathematics. One need only 
recall the numerous mathematical paradoxes dealing 
with the infinite to appreciate how false first impres- 
sions based upon pure intuition may be. Consider 
as a further example the dilemma of the college junior 
who is casting about for a course that will logically 
follow his first course in calculus, and who finds his 
attention called to the subject of differential equations. 
If he is a bright student and inquires as to the nature 
of this subject, he is often rewarded by the presenta- 
tion of a few typical differential equations, e. g., 


Cy ii 
dx =K (a) 
a + xa 2 + (cos x)y = tan x (b) 


dx? 


in which he is told that the problem of differential 
equations consists in discovering the function y = f(x) 
such that (in a) the first derivative of y is constant. 
He may quickly recognize this as the linear form y = 
kx + 6, and the latter seems at least as general as its 
corresponding differential equation. Upon examining 


the example (b) he is not impressed, for his first idea 
may be that any function of which second derivative 
plus x? times its first derivative plus cos x times y 


s 
comes out identically equal to tan x, must be of a very 
special sort. 

Indeed, if the student’s interest is in the application 
of differential equations to chemistry, he may seek the 
solutions of such special equations as the following: 
Laguerre’s (1834-1866) : 


oe + (1-2) + mw =0 


Legendre’s ( Phe 


(=) $9 - 2532 + [no +) - 3] w = 0 


Mathieus’ 18 


a ee (a + 16g cos 22) w = 0 


Bessel’s (1784-1846) : 


2ew 
a 


Gauss’ (1777-1855) : 


+25! + (et — nw = 0 


d*w d 
s(1 — 8) 5 + Iv — (@ + 6 + 1)2] 5° —apw = 


Hermite’s (1822-1905): 
dw 


oe — 25 + 2nw = 0 
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Though these equations are of extreme importance in 
theoretical chemistry (1, 2), the student may be dis- 
appointed by their apparent special nature, and his 
feeling is not alleviated upon being told that all are 
special cases of the general Lamé (1795-1870) equa- 


pe 
aa [o(422" Wa ee art 
& + 2Bz + sail 
Tr, isi ot 


That superficial appearance has led him far astray from 
the truth becomes apparent to the student who dis- 
covers that while the general Lamé equation is still 
but a special case of the general second order differen- 
tial equation, 

hin dz? ? + fala) = + fale) w=0 
yet, it represents an order of generality far exceeding 
anything which he has studied in all of his previous 
mathematics. 

To illustrate just how general the Lamé equation is, 
consider one of its special cases, 7. e., the Gauss hyper- 
geometric equation given above. The Gauss hyper- 
geometric equation has for its solution the function 
W = aF(a, B, y; 2) given in the form of the infinite 
series, 





aa+I66+N) 24 | 


a: 


which converges, in general, for |z| < 1. To see just 
how general this special case of the general Lamé 
equation is, choose the constants a = 1, and 8 = 
then one gets, 


We=a{l+e2+27+....} 


which is the ordinary geometric series; hence the name 
hypergeometric series for the more general series and 
hypergeometric equation for its associated differential 
equation. Further, if one chooses the constants a = 
—n, B = B, y = B, 2 = —2, then the hypergeometric 
series reduces to the simple binomial expansion or 
binomial theorem, 





7 = a(l — z)* 


W =a a}1- Fis" a - 


1! 21 
and, as further illustrations consider the following: 
1 Whena = 1,8 = 1, 7 = 2,2 = —g and the 
whole series is multiplied through by 2, one obtains 


3 4 


2 a o 
w=als-$ sides ie 
2. Whna=1,8 = 6,7 =1,2 f= 7-2) 


the hypergeometric series reduces to 


W=a}1 +3 tht = ae 

In fact, the hypergeometric series may, under various 
conditions imposed upon the constants a, 8, y, and the 
variable z, represent nearly all of the functions of ele- 
mentary mathematical analysis, e. g., sin 2, cos z, log 
(1 + 2), é, etc. (3). 

The above discussion, therefore, indicates that in 
spite of the impression of extreme specialty that one 
gets upon his first contact with the subject of differen- 
tial equations, this impression, as are many first im- 
pressions of a mathematical subject, is completely 
false. That is to say, the comprehensive study of a 
single differential equation (e. g., the Gauss hypergeo- 
metric equation) yields a knowledge of functions in- 
cluding, and far in excess of, all the functions described 
in elementary algebra and first courses in the calculus. 
It is easy to understand, therefore, why many European 
universities devote as much as a full half year to some 
such “‘special’’ differential equation as the Gauss’ hyper- 
geometric equation. It is the belief of this writer that 
a single course in differential equations, which empha- 
sizes the generality of the subject, will do more to 
train chemistry and physics majors in the use of mathe- 
matical functions pertinent to their field than any 
other single mathematical course after the calculus. 
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As we gained mastery over the forces of nature, we took part of the dividends in 


better living and part in more leisure or less employment. 
is reasonable to suppose that these trends will continue. 


As technology advances, it 
Let us be done with this 


scatterbrain doctrine that the end of all and be all of life is work, toil, or employment.— 


John W. Scoville in National Business and Financial Weekly 








5 ive Vancoram Review (Vanadium Corporation of 
America, 420 Lexington Ave., New York 17, 
New York) appears again after a period of discontinu- 
ance, and no. 1 of vol. 4 is up to the old standard. 
Articles on alloy steels in aircraft and railroads will be 
of interest, and of even more interest to chemists, 
“Vanadium catalysts for phthalic anhydride manufac- 
ture.’’ Because of a price drop from 99 cents to 13 cents 
a pound since 1919, this useful chemical has found a 
wide variety of applications. The article is a good 
technical review of vapor phase oxidation by vanadium 
pentoxide and is accompanied by a fairly extensive 
bibliography. 

The March-April number of the Du Pont Magazine 
(E. I. du Pont de Nemours & Company, Wilmington, 
Delaware) is packed with chemical material. An edi- 
torial asks the question: Will America have jobs for 
workers after the war? Attention is called to the first 
article, ‘‘Research makes jobs,” which answers the 
question in the affirmative. 


HERE’S WHY 

“Let me recall to you two facts from American industrial his- 
tory. First, 15 of our major manufacturing industries have been 
developed since 1870, and it has been estimated that they have 
created 15,000,000 jobs that never were dreamed of before. 
Second, on the basis of these figures, about one out of every four 
persons gainfully employed today owes his job in whole or in 
part to developments based on scientific research. 

“In this connection, I can say that a study recently made by 
our Development Department indicates that the new projects 
and products that Du Pont will be ready to launch when the war 
is over, together with increased outlets for existing products, are 
expected to bring an all-time high in the Company’s peacetime 
employment. Certainly we are not alone in this prospect.” 


“Orchem”’ is the story of a Du Pont industrial de- 
partment that started with organic chemical research 
during World War I. It traces the beginning and de- 
velopment of the organic chemical industry in America, 
following the first World War, and cites a number of 
important results in more recent years, many of which 
will be well known. 

A later article, on ‘Titanium,’ begins with 

‘‘Between breakfast and bedtime one is sure to handle some 
object containing titanium—the ninth most common element in 
the earth’s crust. There is more titanium in existence than all 
the lead, zinc, tin, antimony, nickel, copper, gold, and silver 


combined. 
“The clothes you wear, the linoleum you walk on, the white 


resin enamel coatings on kitchen cabinets and refrigerators, the 
printed page you read, the tinted and white paints inside and 
outside your home—all these and many other everyday materials 
are more than likely pigmented with titanium.”’ 


Finally, there is an interesting discussion of the 
question, ‘“‘What about DDT?” 
In the February number of The Natural Gasser 


(Warren Petroleum Corporation, Tulsa 2, Oklahoma) 
is a short article on “‘The complex nature of our gaso- 
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line’ and another on ‘‘When an engine knocks.”’ The 
March number contains: ‘The U. S. motorist and 
100-octane gasoline,’’ ““The oil industry—a big chemical 
manufacturer,” and “Science in natural gas.” 


Cenco News Chats (Central Scientific Company, 1700 
Irving Park Road, Chicago 13, Illinois) is probably 
well known to most of our readers. While an advertis- 
ing prospectus, for the most part, it nevertheless often 
contains textual material of wide interest. The 
March number, for example, has a good biographical 
sketch of Ellen H. Richards, the first woman admitted 
to the Massachusetts Institute of Technology. 


We have previously commended The Crown (Crown 
Cork and Seal Company, Box 1837, Baltimore 3, Mary- 
land) as a source of interesting chemical material. The 
April number is no exception. Here will be found 
“‘Alcohol—Fuel for the lamp of Aladdin,’ as well as 
two pages of fascinating high-speed pictures of “Spilled 
milk.’’ “The chemist’s page’”’ is this time devoted to 
the development of theories about fermentation. 























“The phenomena of alcoholic fermentation in the process of 
making wine and of rising of the dough in bread-making would 
seem too well known to need elucidation. These changes, ac- 
companied by the evolution of gaseous carbon dioxide, are ob- 
vious characteristics familiar to us all. Yet the chemical, physi- 
cal, and biological changes that take place in what appears to be 
obviously simple are, as a matter of fact, quite involved, and are 
still made a subject of as intense a study today as ever.”’ 












The great advances which have been made lately in 
the development of adhesives are described in an 
article in The Laboratory (Fisher Scientific Company, 
717 Forbes St., Pittsburgh, Pennsylvania). 

“The world of tomorrow will be welded with a brush. 

‘‘The prediction is based, of course, on the tremendous strides 
which science has made in the age-old problem of joining two ma- 
terials together with an adhesive. Such a cryptic statement, 
while it may seem incredible to the layman and may even be 
considered as a slight exaggeration by some technical people, is 
well on its way toward actuality, thanks to the ingenuity of 
chemists, the openmindedness of mechanical and construction 
engineers—and equally important, to the exigencies of war. 
Whether or not it becomes a reality depends on the economic 
struggles of the postwar era, and inevitably, on the progress of 
science in related fields.”’ 


The April number of Lion Oil News (Lion Oil Refining 
Company, El Dorado, Arkansas) discusses the work of 
the research department of the Company, with the in- 
tention of showing how research now points the way 
for the future. The article is well illustrated. The 
same number contains some good flow-sheet diagrams 
of the process of oil refining, from the well to the finished 
product, as well as of some of the uses of ammonia 


and its derivatives. 
In connection with any discussion of the production 


of penicillin it will be interesting to refer to an article on 
“Penicillin therapy” in the March-April Therapeutic 
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Notes (Parke, Davis and Company, Detroit 32, Michi- 
gan). 

An introduction to the principles of spectrophotome- 
try with examples of measurements on well-known pig- 
ments is the subject of an article by Walter C. Gran- 
ville in the March number of Dyestuffs (National Aniline 
Division, Allied Chemical & Dye Corporation, 40 
Rector St., New York, New York). 


The spring number of the Imperial Oil Review (Im- 
perial Oil, Ltd., 56 Church St., Toronto, Ontario) dis- 
cusses ‘‘Alberta’s natural gas,” showing how natural 
gas is proving to be an important additional source of 
motor fuel. 


The striking cover of the April Merck Report (Merck 
& Company, Inc., Rahway, New Jersey) is a photomi- 
crograph of a mixture of five different chemicals. 
More beautiful photographs, in a fine article on ‘““The 
artistry of chemicals,’ by Philip O. Gravelle, are found 
later in the number. 


If you are interested in “Our future oil supply” read 
the April number of The Beacon (Ohio Oil Company, 
Findlay, Ohio). In the course of the discussion some 
data are shown graphically: 

Compared to the known available reserves of pe- 
troleum, the potential supplies of liquid hydrocarbons 
from other sources are: From natural gas, an equal 
amount; from oil shale and Canadian tar sands, about 
five times the amount, for each; from coal, nearly seven 
hundred times as much. 

If we made our gasoline from other sources than 
petroleum the amount we use annually would cost us: 
from natural gas, about twice as much; from coal by 
the Fischer-Tropsch method, more than three times as 
much; from coal by hydrogenation, from three to four 
times as much. 


“The manufacture of technical naphthas’’ is de- 
scribed in very simple terms in the April Pure Oil News 
(Pure Oil Company, Chicago 1, Illinois). 


“Now it can be told” in the March Shell News (Shell 
Oil Company, 50 West 50th St., New York 20, New 
York). What is told is something about the research 
on fuels for jet-propulsion engines carried on by the 
Shell Oil Company. No military secrets are revealed 
however. More is “told” in the April number, this 
time about the work of the Shell Development Com- 
pany on penicillin. 


Occasionally we find something of chemical interest 
in The Power Specialist (Johns-Manville, 22 E. 40th St., 
New York 16, New York). For example, the March- 
April number features an article on air conditioning, 
entitled ‘‘Air for industry.” (Incidentally, puzzle 
fiends may be intrigued by the Mentalnastics in each 
number of this little periodical.) 


‘ 
If you have any mechanical leanings whatsoever 
you will have been fascinated, sometime, by the opera- 
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tion of roller and ball bearings. The February number 
of Lubrication (Texas Company, 135 E. 42nd St., New 
York 17, New York) is entirely devoted to these useful 
gadgets. 


A new addition to our list of trade periodicals is 
Westinghouse Newsfront (Westinghouse Electric & 
Manufacturing Company, 306 Fourth Ave., Box 1017, 
Pittsburgh 30, Pennsylvania) which has just made its 
initial appearance. We quote the following interesting 
item from the first number (April): 


“To a fighter pilot using his radar set to search the skies for 
enemy planes, the ‘coefficient of expansion’ may seem a cold 
phrase reserved for engineers and technicians. Actually, the 
electronic tubes in his radar and radio equipment depend for 
their very existence on the delicate relationship between the ex- 
pansion rates of metal and glass. 

“‘A hard-working electronic tube gets hot almost to the soften- 
ing point of the glass. If the glass were to expand faster than the 
metal used to seal it, the tube would instantly shatter. Likewise, 
a too-rapid expansion of the metal seal would also destroy the 
tube. The problem: to find a metal that expanded at the same 
rate as the kind of glass used in electronic tubes. 

“Kovar, an alloy of cobalt, nickel, and iron developed at the 
Westinghouse Research Laboratories, has proved one of the best 
metals fitted to the job. One of its outstanding features is that a 
Kovar seal is easy to make. The glass and Kovar are simply 
heated in a gas flame, the oxidized alloy worked into the softened 
glass, and the joint allowed to cool. . 

‘‘Thousands of Kovar seals are being made daily on many types 
of electronic tubes. We like to think of them as standing guard 
over radar and radio tubes at critical moments during battle.” 


Synthetic rubber, as it is usually described, is the 
GR-S, or Buna-S variety. Perbunan, one of the other 
forms, is discussed in the April Lamp (Standard Oil 
Company of New Jersey, 30 Rockefeller Plaza, New 
York 20, New York). Its use in airplanes, because of 
its resistance to oil and low temperatures, is the par- 
ticular point emphasized. Other articles in the same 
issue—one of them illustrated in color—have to do with 
the construction of long pipelines, particularly the Big 
Inch. 


World War II started the biggest concerted drive 
ever launched against insect enemies, which have killed 
more men than all the wars in history, says Lt. Col. 
John S. G. Shotwell, in Ethyl News (Ethyl Corporation, 
405 Lexington Ave., New York! New York). 


“As never before, our medical men have gone all-out against 
the louse, the flea, the tsetse fly, and, the deadliest of all, the 
anopheles mosquito, which spreads malaria,’’ declares Col. Shot- 
well, consulting chemical engineer, who served with U. S. Army 
forces in Australia. 

“After the war the mosquito, flea, and fly will have disappeared 
from many areas and be rare in others. Then, such scourges as 
malaria will no longer attack 200,000,000 people annually as 
before; similarly with yellow fever, dysentery, typhus, and the 
bubonic plague. ° 

‘‘Moreover, the potato bug, the Japanese beetle, the coddling 
moth, and other pests will no longer be the bane of the farmer’s 
and gardener’s existence. The boll weevil and corn borer, too, 
will bite the dust, no longer destroying millions of dollars worth of 
crops each year. 

“The native of equatorial Africa will cease to be a victim of 

(Continued on page 282) 








Helpful Aids in the 


Study of Chemistry 


MAURINE G. FLIPPER and KELSO B. MORRIS 
Wiley College, Marshall, Texas 


HEORISTS in education have considered for a 

long time the importance of study as a contribu- 
tion to the wholesome development of an individual. 
The topic is discussed rigorously in many treatises on 
education, journal articles, and monographs. In the 
last group of publications, the work of Cole and Fer- 
guson (1) is especially sommendable. 

The ‘aids’ suggested in the present paper are in- 
tended to assist the student in adapting fundamental 
principles of study to the study of chemistry and 
thereby increase the ratio of effective study to time 
consumed in the study process. 


PLANNING FOR STUDY 


The first step toward efficient study of any subject 
is planning. A student should set aside a definite 
time, a definite place, and should seek a favorable 
environment for his study of chemistry. For any one 
subject, thé average length of time required by college 
students has been found to be 2.7 hours per week per 
credit hour, where one hour of this time is spent in the 
classroom* and the remaining 1.7 hours in preparation 
(2). The place selected for study should be quiet, 
well lighted, properly ventilated, and neither too hot 
nor too cold. Sitting at a desk or a table in a com- 
fortable chair with a straight back is preferred to 
lying or sitting in bed. The student may help create 
a favorable environment by choosing the proper place 
for study. For example, he may study where there is 
least danger of distraction, such as irrelevant conversa- 
tion with or between other students. 


READING 


It cannot be overemphasized that careful reading is 
essential to the understanding of the subject matter of 
chemistry because of its technical nature. We agree 
with Hildebrand (3) that chemistry does not lend 
itself at all well to over-simplification. Skimming is 
not recommended in the reading of assignments unless 
it is done simply to note content before proceeding 
to more detailed study. The student should read 
slowly and carefully, attempting to understand every 
sentence in its relationship to the topic. Technical 
words peculiar to the vocabulary of chemistry should 
be memorized, along with their meanings, as they are 
encountered. The meaning of technical-words may be 
deduced in many instances from knowledge of the 
meaning of certain prefixes and suffixes. A list of 
Latin and Greek prefixes and suffixes suggested by the 
authors for student use is that compiled by Beezer (4). 


* One laboratory period is counted as equal to one classroom 


period. 
9 


~ 


Important key words should be underscored. An 
example here may better illustrate this procedure: 


“Organic compounds are classified as aliphatic or aromatic. 
The division referred to as aliphatic comprises the compounds 
in which the carbon atoms are linked together in open chains or 
rows... (22 intervening words). .... The term aromatic was... 
(68 intervening words) . . . closed chain or ring of carbon atoms.” 


Italics emphasize the association of carbon atoms in 
open chains with aliphatic compounds and of carbon 
atoms in closed chain or ring with aromatic compounds. 
Nearly a hundred intervening words have been elimi- 
nated! 

‘Accompanying graphs or charts are included to 
help in the visualization of important data or to pro- 
mote understanding of important generalizations. 
These should be studied carefully and interpreted 
accurately. It is pointed out by Jordan (5) that “A 
diagram frequently summarizes the verbal discussions 
of four or five pages.” 

After a topic has been read carefully, it is well to 
employ the ‘recitation method of study” (6). This 
method consists of thinking over the material read to 
test the extent to which it has been learned and organ- 
ized logically as if one were discussing the topic for the 
benefit of the class during a class period. The use of 
summaries and the voluntary working of exercises at 
the end of chapters greatly facilitates this type of 
study. Deming’s ‘“Fundamental Chemistry,” used by 
the authors as the textbook in general inorganic chemis- 
try, contains summaries which indicate the paragraph 
number of the topic summarized. 


USE OF REFERENCES 


The use of references in the preparation of a chemistry 
assignment is not particularly essential unless the 
student thinks that some other text may explain more 
clearly the material under consideration, or a special 
assignment has been made in the journals or in other 
texts as collateral reading. 


MEMORIZATION 


Contrary to popular student belief, every task re- 
quired of the student in the process of learning chemis- 
try cannot be accomplished solely by reasoning. Much 
of the subject matter must be memorized as a basis for 
reasoning. For example, it is necessary early in the 
first course to memorize the symbols for the elements, 
their valence numbers, and the rules governing chemical 
combination in order to ‘work out’’ correct formulas. 
It is necessary to memorize the gas laws in order to 
predict the behavior of gases under varying conditions 
of temperature and pressure. The memorization of 
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generalizations concerning the solubility of inorganic 
salts is of inestimable value to a student of qualitative 
analysis. Heimerzheim (7) lists a large number of 
excellent solubility generalizations. 

A very helpful aid in memorization is use of 
nnemontics, 1. €., devices utilizing key words to memorize 
certain related facts by association. The use of “‘Roy 
G. Biv” to indicate the sequence of colors in the solar 
spectrum in order of decreasing wave length is familiar 
to many teachers of science. The correspondence of 
the ‘“‘end”’ letters.in ‘‘blue’’ and ‘‘base,’’ and in the 
words ‘‘red’”’ and “‘acid’’ is used by Heimerzheim (8) 
to suggest the “end’’ reactions in the use of litmus 
paper. Hatt (9), of the University of Melbourne, em- 
ploys ‘‘DaM SOP” to indicate the directive influence 
of double and single bonds upon substituents in the 
benzene ring. “Oh, my! Such good apples.’’ has 
been associated with the names of the dicarboxylic 
acids: Oxalic, Malonic, Succinic, Glutaric, and Adipic. 

There are, however, certain limitations of key 
words, which Bermingham (10) summarizes as follows: 


(a) They are to be used only with facts not rationally de- 
ducible. 

(b) The student must compose his own key words if they are 
to be remembered. 

(c) Key words must be pronounceable and spelled phoneti- 


cally. 


Students who employ mnemonic devices should exer- 
cise care in selection of key words lest the device be 
more difficult to remember than the material it is 
intended to represent. 


TAKING NOTES ON LECTURES 

The basic purposes of note-taking during the lecture 
period should be to enter an explanation of ideas not 
fully understood and to reorganize ideas according to 
the instructor’s line of thought. When a student at- 
tempts to take a lecture verbatim, he does not allow 
himself the opportunity to think over ideas and to 
reason with the instructor. The lecture hour is not a 
time just to take down lectures, but is a time to organize 
and correlate ideas with which the student has already 
familiarized himself during his study period. It has 
been said that teaching is the transfer of facts from the 
teacher’s notes to the student’s notes without the 
facts having passed through the heads of either. In 
order not to confirm this definition in actual practice, 
notes should be taken only when necessary during 
lectures, e. g., on new ideas which the student may 
find difficult to remember, or on familiar phases of sub- 
ject matter not fully understood. Note-taking is a 
means to an end, not an end in ‘itself. 

The student must listen carefully, think along with 
the lecturer while trying to sense his line of reasoning 
and the logical sequence of his presentation of the 
material. 

In addition, notes should be rewritten as soon as 
possible after class. This provides an, additional 
visual stimulus to learning. Notes on chemistry are 
to be kept in a separate notebook or in a separate 
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section of a notebook, written neatly, legibly, and 
logically. Particularly emphasized points may be 
underlined or marked with exclamation points or 
asterisks to aid the student in review. 

It is well, also, to include in the notes a section on 
chemical calculations in which problems are classified 
as to types. 


PERIODIC REVIEWS 


Everyone is acquainted with the dangers of ‘“‘cram- 
ming’ for examinations. Psychologists agree that 
learning is more efficient when done at intervals with 
rest periods between than when attempted in one long 
period. Thus, periodic reviews, if planned and adhered 
to should not only eliminate the last-minute frantic 
search for knowledge which usually occurs on the night 
before examination, but will result in higher scores on 
examinations. 

A student may choose to review at the completion of 
each chapter or unit of work. The use of summaries, 
the voluntary working of exercises, answering questions 
found in old exams or laboratory experiments, ‘and 
studying important ideas as indicated by lecture notes 
are all valuable methods. 

Small groups of students may plan cooperative study 
for the purpose of review at definite times during a 
term. It is emphasized here that this study must 
indeed be cooperative. Those who would use this plan 


or method of study successfully should avoid the 
situation in which one individual is intellectual host and 
the others are intellectual parasités. 







MISCELLANEOUS AIDS 


Much can be said about assuming the proper mental 
attitude toward work in chemistry. Some additional 
suggestions are as follows: 

1. Observations in the laboratory should be ac- 
curate, that is, one must not color his observations with 
what he thinks should happen. He must accept what 
actually happens and seek to find out why. 

2. Touse the “graphite-cellulose method”’ (11) of ob- 
taining results is intellectual dishonesty and its practice 
will tend to decrease the student’s confidence in his 
ability and to diminish greatly the degree of satis- 
faction that is derived from meticulous work. 

3. Laboratory work should be planned carefully 
before coming to the laboratory. If this is done, the 
student knows what he is to do and what he is trying 
to prove or illustrate. Too, he does not have to use 
his manual as a “cook book,” blundering through his 
work with no understanding and with no correlation of 
sensory stimuli with familiar or new ideas. 

If as much work as possible is done on laboratory 
reports outside the laboratory before proceeding with 
actual experimentation, considerably more can be 
accomplished during the laboratory period. In the 


laboratory the necessary experimental data may be 
obtained, recorded neatly, calculations made, and the 
report handed in promptly. 

4, Further, in all of the work, a student may 
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artificially stimulate his interest in chemistry by striving 
to excel his past records. 

5. No student can study any subject efficiently if 
he is not in good physical condition. Defects of vision, 
incorrect eating and sleeping habits, or any other 
causes of poor health should be corrected. 

6. The student should guard against autistic think- 
ing (12) and strive for excellence in reasoning and crea- 
tive thinking. 

The aids discussed by the authors in the present 
paper are intended primarily for students of college 
chemistry. Students at other levels in chemistry or in 
the other sciences should find some of the aids, if not 
all, helpful in effective and efficient study. 
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An Antidermatitis Program for Aircraft Workers 


A. J. SAFSTROM 


Grumman Aircraft Engineering Corporation, Farmingdale, New York 


HE old saying that ‘‘one man’s meat is another 

man’s poison”’ certainly makes sense when applied 
to the oils and solvents used in warplanes and in the 
plants where our air fleet is built. Round the world 
American air fighters depend for their very lives on the 
super-fuels which power their warplanes. Without 
stepped-up power, our planes and crews would be easy 
prey for the enemy. In aircraft plants the situation is 
reversed, with petroleum products a ‘‘poison”’ endan- 
gering the homefront fighters who make our planes. 

Prevention is the most important factor in the elimi- 
nation of industrial dermatitis. The basic principle is 
separation of the irritant from the employee. This may 
be done by mechanical means, such as suction appara- 
tus and other devices, or by personal protection, such 
as protective clothing. 

In many plants the need for a complete program in 
the control of industrial dermatoses has not been 
stressed strongly enough. A definite indication that 
laxity in the proper protective measures exists is the 
record which shows that 70 per cent of all occupational 
diseases are the result of skin ailments. The unusual 
quantities of oils and solvents handled in aircraft 
plants lift this percentage to a higher average than for 
all industries combined. 

Perhaps this laxity is the result of ignorance. Some- 
how we think of dermatitis as a disagreeable and incon- 
venient disease, but not a serious or preventable one. 
There we are wrong. It is serious. It can kill and kill 
quickly. Even a mild case lowers the body’s resistance, 
inviting infection. National and state health reports 
for 1944 record a number of fatalities from infected der- 
matitis, many cases that permanently disable workers, 
and vast numbers that cause suffering and absenteeism. 

This is such needless suffering. Dermatitis can be 


eliminated even among workers who daily handle the 
most toxic solvents if a comprehensive accident pre- 
vention program is put into effect. This program lies 
in the field of preventive medicine, with protective 
clothing the only absolute means of preventing derma- 
titis. The first rule should always be that no worker is 
permitted to handle oils and solvents without protec- 
tive garments. 

There are three particularly hazardous zones where 
such a rule should apply: the paint shop, the magna- 
flux room, and the degreasing room. Nearly all em- 
ployees in these areas are exposed in some measure to 
such primary irritants as zinc chromate, toluene, per- 
machlor, trichlorethylene, paste, and primers. It is 
impossible to do dipping, spraying, degreasing, or 
handling of parts day in and day out without exposing 
the skin to the devastating effects of these products. 
Workers who at first seem immune develop a suscepti- 
bility after continued exposure, which endangers their 
health. 

For each worker, the accident prevention program 
should start the first day he reports on the job. Before 
being assigned work involving oils and solvents, he 
should be warned of their danger and should be given 
allergy tests to determine his susceptibility to them. 
His placement and the safety measures instituted for 
his protection should,rest on the results of these tests. 

Next he should be told, and if possible provided 
with, the protection the job requires. If his work en- 
tails frequent handling of irritants, with the attendant 
friction of ordinary working conditions, a protective 
cream will help but will not suffice. What he needs is 
protective clothing that covers all parts of the body 
likely to come in contact with the irritants. 

In the past, workers have raised three objections to 
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Courtesy Chance Vought Aircraft 

THESE WORKERS AT CHANCE VoOUGHT AIRCRAFT PLANT ARE 

WEARING OIL- AND SOLVENT-PRooF COMPAR GLOVES TO PRo- 

TECT THEIR HANDS FROM THE ZINC CHROMATE WITH WHICH 
PARTS ARE COATED PRIOR TO ASSEMBLY 


a program of wearing protective clothing: the expense 
involved, if the plant does not furnish the clothing; the 
weight of protective garments; and their cumber- 
someness. Faced with the figures on the incidence of 
dermatitis among war workers, the first objection is 
quickly overcome. And the other difficulties are now 
overcome by the new compar clothing which weighs 
only a few ounces and affords great freedom of move- 
ment, as well as long service life which cuts down on the 
cost of protection. 

Compar clothing is fabricated from a rubber-like 
transparent substance. It is entirely impervious to oil 
and all organic solvents and to many that are inorganic. 
It has been fashioned into gloves and attractive aprons, 
sleeved aprons, smocks, sleeveguards, caps, and tie- 
arounds for the head. 

If only the hands need protection, gloves with curved 
fingers provide complete protection and facility in 
handling small objects. Aprons are useful for protect- 
ing clothing where it may rub against work benches. 
If full protection is needed, the worker can be clothed 
from head to foot in this lightweight vinyl resin sub- 
stance which is tough, resistant to abrasion, and com- 
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SENTS A HAzAgD IN WAR PLANT OPERATIONS. THE MODERN 

SHop PROTECTS THE WORKER’S HEALTH AND CLOTHING WITH 
OIL- AND SOLVENT-PROOF APRONS 


pletely immune to all oils and solvents throughout a 
long service life. There is no danger, as with some 
safety clothing, that a change in the oil or solvent 
handled may leave the worker unprotected or may 
damage the protective clothing. 

In addition to the instruction on protective clothing, 
the worker should be impressed with the importance of 
body hygiene. Before leaving the plant, work clothing 
should be removed, taking care to step out of garments 
in such a way that any irritant on them does not come 
in contact with the skin. If by any chance clothes have 
become soaked, they should be laundered before re- 
wearing. If the skin has come in contact with an irri- 
tant, thorough cleansing is necessary before leaving the 
plant. 

Last, and most important of all, the worker must be 
impressed with the importance of wearing his protec- 
tive clothing at all times on the job and must be taught 
to clean and care for it. He must realize that devia- 
tions from this practice are infractions of company 
rules set up for his protection. Rigid adherence to these 
protective measures is a small price to pay for the war 
effort and for the health of workers. 


Aspects of the Chemistry of DDT 


Errata 


THE author of this article in the May issue sends 
the following correction: 

Because of an unfortunate oversight, in this paper 
the term ‘“p,p’-DDD” actually refers to ‘‘dichlorodi- 
phenyldichloroethylene,” except in the references to the 





work of Schechter and Haller where it refers only to 
“‘dichlorodiphenyldichloroethane.” It is recommended 
that in the future the term ‘‘p,p’*DDD”’ be used ex- 
clusively for reference to ‘‘2,2-bis-(p-chlorophenyl)-1,1- 
dichloroethane.”’ 


Using Organic Solvents Safely in Industry 


NDUSTRY looks to the chemist for aid in ensuring 
the safe handling of chemicals. The user who needs 
to know what hazards he is facing, the physician 
interested in industrial health, and the engineer in- 
stalling safety controls are dependent upon the chemist. 
He must provide an analysis of the composition and 
properties of the chemicals involved and a means of 
measuring the quantities in which they are present. 
The chemist should therefore be familiar with the 
problems of industrial safety as they relate to chemicals. 
While the development of the numerous organic 
solvents now in use has been a valuable contribution to 
industrial growth, it has also intensified the need for 
proper control of solvent-using processes. The use of 
large volumes of the common organic solvents presents 
in most cases a serious fire hazard and in all cases some 
degree of health hazard. . 

The hazards connected with these chemicals, as well 
as their usefulness, are related to the characteristic 
properties of the organic solvents: their volatility, and 
their ability to dissolve a large variety of compounds. 
Their usefulness in the metal-degreasing industry de- 
pends upon the ease with which they dissolve fatty 
compounds, and then volatilize. Because’ of this high 
volatility, the metal dries rapidly, and the solvent may 
be readily distilled and recovered. Modern degreasing, 
in fact, usually occurs in the vapor phase of the solvent. 

The finishing industry similarly depends upon the 
solvent power of these volatile liquids, using them as 
carriers in lacquers and resinous coatings. These may 
be applied by spraying or dipping; the solvent then 
evaporates readily (usually in a drying oven) to give a 
smooth finish. A few of the other important solvent- 
using industries are the manufacture of plastics and 
rubber, electroplating, and dry cleaning. 

The most serious danger connected with most of the 
common organic solvents is their flammability. The 
national fire loss from flammable liquids in 1943 was 
14,000,000 dollars (7). The majority of these 21,000 
fires were caused by a lack of appreciation of the 
flammable nature of the chemicals involved and of the 
steps necessary for their safe handling. 

One of the most useful indications of the fire hazard 
of a solvent is its flash point. This is the temperature 
at which the solvent will volatilize sufficiently to form 
a flammable vapor-air mixture. The test varies in 
details, but in general it is applied as follows: The 
solvent to be tested is placed in a cup or container, and 
its temperature is raised gradually. A testing flame 
is introduced into the air space in the cup above the 
liquid until a flash occurs. The temperature of the 
liquid at this time is recorded as its flash point. While 
the flash point of flammable solvents is usually closely 
related to their volatility, there are several volatile 
chlorinated solvents which are nonflammable and 
therefore have no flash point. 


LILLIAN GORDON 
Safety Research Institute, Inc., New York City 


The common organic solvents have been classified 
according to flammability by the Underwriters’ Labora- 
tories (6). According to this classification, carbon 
tetrachloride has a rating of. 0, being entirely non- 
flammable. Carbon disulfide, the most flammable 
liquid, has a rating of 110, and other solvents are 
rated accordingly. Ether, for instance, is rated 100, 
benzene 95, acetone 90, and ethyl alcohol 70. Liquids 
with a rating above 40 are considered highly flammable, 
and their use in industry requires special precautions 
(5). 

It is possible to mix a highly flammable solvent with 
one which is nonflammable, for example, naphtha with 
carbon tetrachloride, in order to reduce its fire hazard. 
The boiling points of the two solvents must be fairly 
close, however. Otherwise, the carbon tetrachloride 
may evaporate more quickly than the flammable 
solvent, leaving a dangerous mixture. Whenever such 
mixtures are in use, they should be analyzed regularly, 
or tested frequently with apparatus such as a hydrom- 
eter, to determine whether the proportions of the 
mixture have been changed by evaporation, or a 
flashpoint indicator. 

Volatile solvents also present health hazards. They 
may cause poisoning when their vapors are inhaled, 
and dermatitis when they are directly in contact with 
the skin. . 

A worker who inhales air highly contaminated with 
organic vapors will soon feel its narcotic effects: there 
will be subsequent loss of consciousness and, if the ex- 
posure is continued, systemic injury and_ possibly 
death. However, the body has considerable ability 
to throw off absorbed poisons, either through excretion 
by the lungs and kidneys or by detoxification by the 
liver, and also to heal certain types of injuries. There- 
fore, even in cases of severe poisoning, prompt removal 
from the contaminated atmosphere and proper medical 
attention usually result in complete recovery. 

Acute solvent poisoning is easily avoidable in in- 
dustry, since it is usually the result of accident or 
gross negligence, and not regular operating procedure. 
For instance, it has occurred when unprotected workers 
have cleaned tanks which previously contained solvents. 
Strict observance of the rule requiring the wearing of an 
air-line respirator and a safety belt, and the practice 
of maintaining a watcher on the outside of the tank can 
eliminate this danger. 

The health problem most frequently faced in in- 
dustries handling large quantities of organic solvents 
is the necessity for their workers to be continuously 
exposed, day after day, to an atmosphere containing 
small proportions of solvent vapors. Inhalation of 
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sufficiently small amounts of solvent vapors need have 
no ill effect, since, as has been pointed out, they may 
be completely thrown off by the body. The amount 
of vapot which may be safely inhaled in this manner 


varies with the solvent. It is usually referred to as the 
maximum allowable concentration (M.A.C.), and is 
expressed in parts of vapor per million parts of air 
(p. p. m.). The generally accepted figure for benzene 
is 75 p. p. m., for carbon tetrachloride it is 100 p. p. m., 
and for methyl alcohol 200 p. p. m. The accompanying 
illustration indicates the amount of solvent which will 
be present in its M.A.C. when completely volatilized 
in.a space of 1000 cubic feet. 

If the worker is exposed throughout the working 
day to a concentration of vapor exceeding the M.A.C., 
his body may be unable to eliminate the excess ab- 
sorbed solvent, and a chronic poisoning may result. 
Mild symptoms of headache, nausea, dizziness, and 
general ill feeling will gradually become more intense, 
and meanwhile the liver, kidneys, blood, or other 
organs may be seriously affected (3). 

One of the most important factors in safeguarding 
the health of workers engaged in. solvent-using proc- 
esses, therefore, is the institution of engineering con- 
trols to prevent the building up of dangerously con- 
taminated atmospheres. Unless the solvent-using 
process is very small and is located in a large, well- 
ventilated room, special precautions must be taken 
to keep within the M.A.C. Frequently, solyent-using 
processes are entirely enclosed. For metal degreasing, 
for instance, there are enclosed or semi-enclosed types 
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of apparatus which provide safety by preventing the 
escape of the vapor into the workroom atmosphere. 
Open processes may be protected by hoods or slot-type 
lateral exhausts. Spray booths may be fitted with a 
grid-type floor, equipped with downdraft ventilation. 

In any case, the ventilating engineer designs his 
equipment to suit both the process and the solvent, in 
terms of size, flammability, M.A.C., etc. The effective- 
ness of such equipment is then tested by the chemist, 
who analyzes the workroom air for contamination. 

Analysis of the workroom air involves careful 
sampling. It is necessary to know not only the average 
vapor content of the total air, but its content at specific 
locations, such as at the spot where it is inhaled by the 
worker, or at the point where the contaminant enters 
the room. U 

There are two basic methods of air sampling used in 
testing industrial hazards. One is the usual method of 
gas sampling, the collecting of a definite volume of air 
at a known temperature and pressure, which may sub- 
sequently be analyzed as to its component parts. The 
other method is used where a small amount of con- 
taminant is to be estimated, as is usually the case 
when solvent vapors are present. A known volume of 
air is passed through an absorbing (or adsorbing) 
medium, and the latter is then analyzed in the field 
or laboratory. 

Gas sampling may either be instantaneous (“‘spot”’ 
or “grab’), or continuous. The former involves 
taking a sample at a particular place within a short 
interval. Evacuated bottles or gas collectors are 
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usually used for this purpose. Continuous samples 
are taken when the composition of the air is not uni- 
form, so that a sample must be taken over a long period 
of time in a gas or liquid displacement collector. Con- 
tinuous sampling is also used when the contaminant 
is present in such small quantities that large volumes of 
air must be passed through the absorbing medium. 

Various methods have been developed for the 
analyses of these air samples, either in the field or 
laboratory (2, 4), and most states supply the service 
of a state hygienist to carry out these tests, when re- 
quested. In addition to chemical analysis for the 
quantitative determination of solvent vapors, there 
are simpler methods which may be applied for routine 
testing. Optical instruments are available for rapid 
evaluation of such vapors. The portable interferom- 
eter, for instance, measures the difference between 
the refraction of air and that of the gas mixture to be 
examined. This difference is calibrated in terms of 
concentration of the gas under observation. While the 
instrument is not specific, since it will give the same 
result for gases with the same refractive index, it is 
exceedingly useful for cases where the nature of the 
contaminant is already known, as is ordinarily true 
where organic solvents are in use (1). 

Air testing must be a regular procedure if protection 
is to be adequate, since leaks in the ventilating system 
may develop and a change in the process, or even the 
weather, may make a previously satisfactory system 
dangerously ineffective. 

In addition to engineering and chemical controls, 
industry has found that medical control is another 
necessary safeguard in solvent-using processes. Pre- 
placement examinations are important in recognizing 
individuals with unusual susceptibilities, or with 
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peculiar physical conditions, such as diabetes or liver 
damage, who should not work with certain organic 
solvents at all. Routine medical examinations are 
also necessary to recognize early symptoms of chronic 
solvent poisoning and thus prevent serious illness. 

The physician requires from the chemist information 
as to the type of hazard present, so that he may know 
what type of examination to conduct. Certain clinical 
tests made by the chemist for the physician are also 
important aids to diagnosis and proper therapy. 

To minimize the occurrence of dermatitis, all workers 
should be supplied with protective clothing and creams, 
as protection from direct contact with solvents, and 
educated to the necessity of personal cleanliness. 
Worker education, in fact, is important in utilizing all 
the safeguards described above to their best advantage. 
Here, too, the chemist can assist in developing a pro- 
gram which will enlist the cooperation of the workers 
involved. 

Hazards from fire and toxicity are serious con- 
siderations to industries employing thousands of 
workers in solvent-using processes. Chemists can 
contribute to the safety of these workers by cooperating 
with physicians and engineers in establishing an effec- 
tive safety program. | 
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sleeping sickness, carried by the tsetse fly, and the Arab may once 
more regain his place in the sun.” 


The spectacular bug-killer DDT, whose chemical 
formula first was discovered by a young German 
chemist in 1874 but lay buried for decades in scientific 
archives, effectively destroys mosquitoes, fleas, lice, 
and other blood-sucking insects, and potato bugs, 
Japanese beetles, coddling moths, and flies and cock- 
roaches, Col. Shotwell said, but is relatively ineffective 
against such agricultural pests as Mexican bean beetles, 
red spiders, and cotton boll weevils. 

Freon, the nontoxic, nonflammable refrigerant in- 
vented by the late Dr. Thomas Midgley, Jr., who also 
discovered the antiknock properties of tetraethyl lead, 
has made possible another potent weapon against 
malaria—the aerosol bomb. 


“The bomb, which is in reality a spray gun, is loaded with an 
insecticide mixture, together with a charge of Freon. When 
ready for use, the Freon vaporizes the mixture, and forces it out 
in a high-pressure spray. That spray saturates every crevice 
and corner of a tent or foxhole—bringing sudden death to malaria 
and other fever-carrying mosquitoes. But while deadly to in- 
sects, the insecticide is entirely harmless to humans.” 


Such chemical weapons are biting the insects back, 
Col. Shotwell says, while atabrine and ‘‘shots” are pro- 
tecting troops against malaria, yellow fever, typhus, 
cholera, and bubonic plague. 

Alexander the Great died at the height of his career 
from a mosquito bite, it is pointed out, and ‘‘the war 
between man and insects has been going on ever since 
the first man took the trouble to scratch himself. 
But it has remained to the 20th century for man largely 
to wage this war successfully.”’ 











Two New Chlorine Compounds 


G. P. VINCENT, E. G. FENRICH, JOHN F. SYNAN, and E. R. WOODWARD 
The Mathieson Alkali Works, Inc., New York City 


ODIUM chlorite, NaClO., and chlorine dioxide, 

ClO., although they have been known to chemists 
for over a hundred years, have only recently become 
available for commercial use. Within this short time 
these newcomers to the chlorine family have created an 
important place for themselves in many industries, in- 
cluding paper and textile manufacture and water puri- 
fication. 


PROPERTIES OF SODIUM CHLORITE 


Sodium chlorite was commercially introduced by 
Mathieson in 1940. Technical sodium chlorite is a tan, 
flaked product, containing from 2 to 5 per cent water. 
Purified analytical or reagent grade contains only a 
trace of water. The solid is not hygroscopic and is 
stable when stored under normal conditions. 

Sodium chlorite is very soluble in water. Its neutral 
solutions are stable at room temperatures. Alkaline 
solutions decompose upon boiling to give chlorate: 


3NaClO, — 2NaClO; + NaCl 


Acid solutions liberate chlorine dioxide, together with 
the chlorate, in the ratio of 2 to 1: 


4HCIO, — 2Cl1O. + HCIO; + HCl + H,O 


Chlorite is the intermediate member in the series 
hypochlorite, chlorite, chlorate. It is more stable than 
hypochlorite but less so than chlorate. Heating sodium 
chlorite-in the neighborhood of 175°C. gives a mixture 
of chlorate and chloride. 

Like the chlorate, sodium chlorite should not be al- 
lowed to dry on the clothing, since a serious fire hazard 
results. Sodium chlorite reacts violently with sulfur, 
and rubber stoppers, unless they are known to be sulfur- 
free, should not be used. 

Solid sodium chlorite reacts vigorously with acid to 
give chlorine dioxide. 

Since the development of sodium chlorite, there has 
been considerable investigation of its chemical prop- 
erties (1, 2). For commercial purposes, the two most 
important are its unusual oxidizing power and its re- 
action with chlorine to form chlorine dioxide. 


SODIUM CHLORITE AS AN OXIDANT 


Sodium chlorite offers certain advantages over hy- 
pochlorite in the bleaching of cellulose materials, such as 
wood pulp or textiles. At present the chlorine com- 
pound most widely used for this purpose, hypochlorite, 
has the disadvantage that, in addition to attacking the 
coloring matter, it also weakens the fiber by oxidizing 
the cellulose. In hypochlorite pulp bleaching, there- 


fore, when high-strength (kraft) paper is desired, the 
pulp is not completely bleached, leaving the familiar 
brown paper. When textiles are bleached with hypo- 
chlorite, very careful chemical control is necessary in 
order to keep fiber degradation to a minimum. 
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Sodium chlorite, on the other hand, destroys all color- 
ing matter to give a very high white, but is a milder 
oxidizer than hypochlorite and therefore does not at- 
tack the cellulose fiber (3). Thus, sodium chlorite 
makes it possible to produce a strong white kraft paper 
for books and other purposes. The use of sodium chlo- 
rite also permits rag paper pulps for stationery to be 
made directly from the lowest grade of cotton fiber 
(which contains coloring matter that cannot be suc- 
cessfully destroyed with hypochlorite), instead of from 
expensive cotton clippings and rags. 

Due to present government regulations, the pulp 
and paper industry has not been able to make full use 
of the product. After the war, this field is expected to 
be an important user of chlorite. 

In textile bleaching, chlorite is safe, even under acid 
conditions. In certain cases, it simplifies the bleaching 
process, since an extra precleaning or “‘scouring’’ step 
may be omitted when rayons are bleached with chlorite 
in acid solution. In alkaline solution, sodium chlorite 
is a very weak oxidizer and must be ‘‘activated”’ by the 
addition of hypochlorite. It is interesting to note that 
such alkaline ‘‘activated” chlorite has the properties of 
the chlorite, and not of the activator. That is, it 
bleaches effectively, without weakening the fiber, even 
in the presence of hypochlorite. 


PREPARATION OF CHLORINE DIOXIDE 


In addition to its usefulness as an oxidizer, chlorite is 
the source of another valuable chlorine compound, 
chlorine dioxide. Because chlorine dioxide is extremely 
reactive, it cannot be manufactured and shipped in 
bulk, but must be prepared where it is to be used and 
consumed immediately. 

The original method for preparing chlorine dioxide 
can be recognized as a familiar laboratory test for 
chlorate. A drop of acid is placed in tle chlorate, and 
a yellow to red gas with an irritating odor is evolved. 
The reaction of chlorate with acid is not practical com- 
mercially, however, since it produces chlorine dioxide 
mixed with chlorine and is also very difficult to regulate. 

Sodium chlorite now provides a practical source of 
chlorine dioxide through its reaction with chlorine: 


NaCloO, + Cl, — ClO, + NaCl 


If the chlorine dioxide is carried off during the reaction, 
exceedingly high yields are obtained. 

Several methods of using this reaction to obtain chlo- 
rine dioxide for commercial application have been de- 
veloped (4). One of the most useful of these methods 
employs dry sodium chlorite and a stream of chlorine, 
as follows: Two towers, 3.5 feet high and 4 inches in di- 
ameter, lined with stoneware or glass, are filled almost 
to the top with flaked sodium chlorite. A stream of air 
and chlorine is fed into the bottom of the first cylinder, 
and chlorine dioxide is formed as the chlorine travels up 
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to the top. Complete reaction is assured by passing the 
gas mixture up through the second tower. The air 
serves both to carry the chlorine and to dilute the chlo- 
rine dioxide, a very important safety measure. When 
the first tower is exhausted, the second tower may be 
used alone while the first is recharged and then put into 
the system, this time as the second tower. Thus the 
process can be carried out continuously. Various con- 
trol and measuring devices make it possible to produce 
exactly the quantity of chlorine dioxide required, at the 
proper rate. 

Chlorine dioxide is a yellow to red gas, with an irri- 
tating odor, and a density of 2.4. Because it decom- 
poses readily, with explosive violence, it is necessary to 
make certain that the gas is always diluted with air to a 
partial pressure of 30 mm. Hg or less. 

Chlorine dioxide has 2'/, times the oxidizing power of 
chlorine: 


C10, hg — HCl + 2H:0 
2 + H: > 2HCl 


Its remarkable oxidizing power makes it an excellent 

bleach for flour, fats and oils, starch, paper and textiles, 

and many other potential uses are being investigated. 
For bleaching flour (5) chlorine dioxide is very effi- 
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cient, as it will oxidize the ‘‘carotene’”’ in flour to an ex- 
tent that usually requires about twice as much nitrogen 
trichloride, at present widely used for flour bleaching. 
It also exerts a maturing action on certain flours, pro- 
ducing a dry, easily handled dough and improving the 
grain and the loaf volume of the bread. Its bleaching 
action is instantaneous. 

The amount of chlorine dioxide to produce optimum 
baking results varies with the type of flour. With pat- 
ent flour, 0.3 to 1.5 grams per barrel usually suffices, but 
a somewhat larger quantity is needed with first clear 
flour. 


CHLORINE DIOXIDE IN WATER TREATMENT 


One of the most important applications of chlorine 
dioxide is its use in water purification (6). Most large 
public water supplies are now disinfected with gaseous 
chlorine. The “‘raw’’ water may be treated with an ex- 
cess of chlorine, then carbon is added which, in addition 
to adsorbing certain objectionable impurities, reduces 
the chlorine content to about 0.2 parts of chlorine per 
1,000,000 parts of water, and the water is filtered. This 
remaining chlorine, or chlorine residual, is left to pro- 
tect the water against contamination as it goes through 
the main and the distribution system. 
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FLOW DIAGRAM FOR DRY CHLORINE DIOXIDE GENERATOR 
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FLOW SHEET SHOWING CHLORINE DIOXIDE TREATMENT OF WATER SUPPLIES 
FOR REMOVAL OF TASTES AND ODORS 
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Frequently, this purification method results in a 
water which is very unpalatable. If the water is con- 
taminated with industrial wastes containing phenolic 
compounds, for instance, these will be chlorinated to 
give ‘“‘chlorphenols,” with their characteristic unpleas- 
ant taste and odor. Waters containing algae growth 
present a similar difficulty. 

Chlorine dioxide has been found to solve this problem. 
Since it is a much stronger oxidizer than chlorine, it 
does not chlorinate contaminating chemicals, but in- 
stead oxidizes them. Thus, in many cases where other 
methods have failed, treatment with chlorine dioxide 
has given an odorless, palatable water. 

Often water supply plants also find difficulty in main- 
taining a chlorine residual. If the water contains or- 
ganic compounds which react only slowly with chlorine, 
these compounds will pass with the chlorine into the 
main and react with it there, thus destroying the chlo- 
rine which should remain to protect the water in the 
distribution system. 

The addition of a small amount of chlorine dioxide 
(about 1/2 part per 1,000,000) will react rapidly with 
such organic compounds, destroying them before the 
water reaches the main. Thus a chlorine residual can 
be maintained throughout the distribution system. 

Although chlorine dioxide is a powerful bactericide, 
it is not economical for sterilizing purposes’ In water 
treatment, therefore, chlorine is first added, as usual, to 
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disinfect. After the water has been settled and filtered, 
chlorine dioxide is added to destroy unpleasant tastes, 
odors, and slow-acting organic material. - This is ac- 
complished by a special modification of the reaction of 
chlorite with chlorine. A solution of sodium chlorite is 
passed into a mixing chamber, into which also passes 
the chlorine water produced by the chlorinator. The 
chlorine is thoroughly mixed with the chlorite solution 
to produce chlorine dioxide which is then fed into the 
water system. 

This method of water purification has been adopted 
in several localities, including Niagara Falls, New York, 
Greenwood, South Carolina, and Bangor, Maine. It 
has been found to reduce chemical costs, in some cases, 
since the use of carbon may be eliminated in this 
method, and in some cases it has also simplified opera- 
tions. In each case it has produced a palatable and 
safe water where it was not previously possible to do so. 
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Recent Chemical Patents 


WILLIAM S. HILL 
Member, Examining Corps, United States Patent Office 


DIRECT SYNTHESIS OF HYDROGEN PEROXIDE 


A well-known laboratory process which has also been 
used commercially for the production of hydrogen 
peroxide involves the reaction between an acid and 
barium peroxide. There is also an electrolytic method 
in which hydrogen peroxide forms at the anode of an 
electrolytic cell. 

In order to combine hydrogen and oxygen directly 
to form the peroxide various expedients have been 
tried with more or less success. The use of a silent 
electric discharge, an intensely heated wire, and ultra- 
violet light are some of these. 

The process described in this patent depends on the 
use of catalytic surfaces which greatly speed up the 
thermal reaction between hydrogen and oxygen to 
produce the peroxide. Reaction tubes having smooth 
dense surfaces were found to be best. Glazed porcelain 
and fused silica preferably with a coating of fused boric 
acid or a metal borate greatly increased the yield of 
peroxide. 

The reaction tubes are heated to a temperature of 
around 520°C., and a mixture of hydrogen and air is 
passed through. 

The mechanism of the reaction is thought to be: 


H + O. + M — HO, + M + 52 kilocalories (or more) 
HO, + H2— H20. + H — 18 kilocalories 


M is any third molecule in the gas phase, or the 
surface of the reaction vessel. 

No. 2,368,640. Gerhard A. Cook, Snyder, New 
York, assignor to Carbide and Carbon Chemicals 
Corp., Cambridge, Massachusetts. 


DEFLUORINATING ROCK PHOSPHATE 


Rock phosphate intended for use as a fertilizer must 
first have its fluorine content removed. This is usually 
done by treating the fused phosphate with water 
vapor. 

An analysis of rock phosphate invariably shows an 
excess of CaO over that equivalent to tricalcium ortho- 
phosphate (3CaO-P.0;) based on the P.O; content. 
In order to increase the fluidity of the melt when the 
rock is fused for the removal of fluorine, an amount of 
SiO, is added above that already present in the rock. 
Other acidic oxides are also added, for example, FeO 
and Al,O;. Enough SiO, is added so that there will be 
2 mols of SiO, present per mol of excess CaO and 
enough of the other acidic oxide material is added to 
furnish an additional mol of acidic oxide per mol of CaO. 

Using the above method the rock phosphate can be 
melted at 1500°C., which is much lower than the 


fusing point of the natural material. The rate of de- 
fluorination is also increased so that it becomes two or 
three times as rapid. 

No. 2,368,649. Kelly L. Elmore, Sheffield, Ala- 
bama, assignor to the Tennessee Valley Authority. 


DESALTING OF MINERAL OIL 


Crude oil usually contains varying amounts of salt 
depending upon the field from which it is obtained and 
even the season of the year. This salt usually varies 
from 15 or 20 g. to 100 g. per barrel of crude and is 
objectionable since it fouls and corrodes the distilling 
and catalytic cracking equipment. 

Wax is also an undesirable impurity found in crude 
oil and must be removed along with the salt. The wax 
may be removed by settling at a low temperature. 
The wax crystallizes and as it settles out takes most of 
the salt along with it. If the oil contains only small 
amounts of wax, additional wax may be added in order 
to remove the salt more completely. 

In order to obtain the lower temperatures favorable 
for crystallization of the wax the salty crude is pumped 
into a low-pressure chamber. This ‘‘flashes’’ the 
volatile constituents and reduces the temperature. 

Wax and salt may be separated by heating the 
mixture. This melts the wax, which floats to the top, 
salt being drawn off in solution at the bottom. 

No. 2,366,792. Chalmer Kirkbride, Texas City, 
Texas, assignor to Pan American Refining Corp. 


J 
USE OF COAL AS ION-EXCHANGE MATERIAL IN WATER 
PURIFICATION 


New ion-exchange materials have been developed 
out of a number of substances including synthetic 
resins. They are in widespread commercial use in 
purifying water, since they remove undesirable soluble 
impurities almost as completely as distillation methods. 

In this process bituminous or semi-bituminous coal 
is treated with a sulfating agent such as fuming sulfuric 
acid. The coal is first preferably granulated to about 
30 to 50 mesh. The temperature of reaction is main- 
tained at 75 to 100°C. About 4 lb. of fuming sulfuric 
acid are needed per pound of coal. 

The acid is added slowly and reaction continues for 
two to three hours. At the end of this time excess con- 
centrated acid is removed and the treated coal is 
thoroughly washed with water. After drying it may 
be left in the form of a hydrogen-exchanging zeolite or 
treated with sodium carbonate to change it to a sodium- 
exchanging zeolite. 

Although bituminous coal is said to make the best 
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product, any kind of coal including anthracite or lignife 
may be used. 

No. 2,371,427. John G. Dean, et al., assignors to 
The Permutit Co. 


NEW ADDITION AGENTS IN ELECTROLYTIC TIN 
DEPOSITION BATHS 


When our supply of tin from the Malay States was 
suddenly cut off by the Jap offensive the outlook for 
tin-plated sheet iron looked very dark indeed. And 
since America had become used to living out of cans 
the sudden cutting off of our tin supply was a big blow 
to our economy. 

Since it was considered less expensive, tin plating 
had been done mostly from molten baths of the metal. 
Then it was found that satisfactory tin plating could 
be done electrolytically using a much reduced thick- 
ness of tin. The saving in tin which this permitted 
probably saved the tin-plate industry. 

Difficult problems had to be solved, however, before 
the electrodepositing of tin became commercially prac- 
tical. At first the tin deposited as long needles per- 
pendicular to the base, leaving spaces of the base metal 
uncoated. A lot of experimenting was required before 
satisfactory addition agents were found which im- 
proved the quality of the tin coatings. 

The present invention is for a new composition of 
coating bath involving new addition agents. 
eral, the bath contains a stannous salt to supply the tin, 
either sulfuric acid or hydrofluoric acid, a sulfonated 
compound such as sulfonated o-cyclo-hexylphenol, and 
nicotine: The nicotine is used in place of the protein- 
type colloids formerly used and is said to offer advan- 
tages such as freedom from gummy precipitates and 
sludge. 

The new addition agents are said to be useful in the 
deposition of other metals among which are zinc and 
lead. 

No. 2,370,986. 

. Pennsylvania. 


John S. Nachtman, Pittsburgh, 


SYSTEM FOR GAS ANALYSIS 


One method of prospecting the earth’s surface for oil 
deposits involves analysis of soil gas mixtures for hydro- 
carbons indicative of oil deposits underlying the points 
of the earth where the mixtures are obtained. Such 
mixtures usually contain carbon dioxide along with 
various amounts of hydrocarbons such as methane, eth- 
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ane, or ethylene. The apparatus about to be de- 
scribed is useful in completely separating out the carbon 


dioxide. 
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In the figure the essential parts are a double-walled 
freezing chamber 1, spiral capillary tubes 14 and 20, a 
mercury reservoir 22, a pumping buret 2, and a collect- 
ing buret 3. 

In operation, the apparatus is first completely evacu- 
ated. A sample of the gas to be analyzed is then ad- 
mitted to the freezer and allowed to fill capillary 14 
and a portion of bulb 18 by displacing the mercury 
therein. A freezing mixture 28 is then placed in the 
freezing compartment. The freezing agent may be 
liquid air or liquid oxygen. The less volatile constitu- 
ents are thus frozen out of the gas mixture and adhere 
to the walls of capillary 14. The parts which are still 
gaseous are drawn over into pumping buret 2 by lower- 
ing bulb 24 which, of course, lowers the mercury level in 
buret 2. 

For complete separation the freezing operation must 
be repeated several times. When it is completed, the 
remaining gases are drawn over into buret 2 and the 
mercury in connecting tube 15 is drawn up far enough 
so that it freezes and forms a seal. 

The final stage includes drawing off the gaseous con- 
stituents into collecting buret 3 for further analysis. 
By choosing the freezing substance different gases may 
be frozen out of the original mixture. 

No. 2,370,703. Wladimir M. Zaikowsky, Pasadena, 
California, assignor to Consolidated Engineering 
Corp. 


How would you measure the thickness of a continuously moving white hot sheet 
of steel coming from a rolling mill at the rate of 20 milesan hour? A new development 


permits the measurements to be taken by means of X-rays. 


With an X-ray machine 


below the steel and an X-ray intensity meter above, an indication of the steel’s thickness 


can be read at any moment, 





A Simplified Isoteniscope 


OTTO F. STEINBACH and ARTHUR W. DEVOR 


Adelphi College, Garden City, New York 


HE measurement of vapor pressure with the iso- 

teniscope, originally designed by Menzies, will not 
give results of a high degree of accuracy unless sufficient 
time is allotted for the establishment of temperature 
equilibrium between the heating bath and the sample 
enclosed within the bulb of the isoteniscope. With 
proper care, so that the above condition is eliminated, 
exceptionally good results may be obtained. It was 
this consideration that led to the present simplified de- 
sign of the isoteniscope. 








To WATER 














Hg 
MANOMETER 


The main body of the isoteniscope may be made from 
a 50 to 100-ml. distilling flask. The lower well is blown 
in the flask so that the thermometer bulb will be com- 
pletely submerged in the liquid sample. The manome- 
ter bulbs were made from 6-in. test tubes. The purpose 
of the bulbs is to prevent the liquid in the isoteniscope 
manometer from being drawn over into the trap or the 
flask in case too rapid change in external pressure oc- 
curs. As a matter of fact, after one has sufficient ex- 
perience in adjusting the pressure of the system this 
difficulty seldom occurs and it is only with inexperienced 
students that this may happen. Hence the precaution- 
ary construction. The manometer is connected close 
to the top of the neck of the flask so as to reduce the 
dead air space to a minimum. In order to have boiling 
take place in the flask rather than in the manometer a 
large boiling stone (porous plate) is held by a stiff piece 
of wire of sufficient length so that it partly projects 
above the liquid surface. This helps to reduce under- 
cooling to a minimum. A few loose boiling stones may 
also be added. 

Sufficient sample is added to the isoteniscope so that 
the thermometer bulb is completely immersed and 
then sufficient liquid is placed in the U-bend of the 
manometer to fill it up to the bulbs. The isoteniscope 
is placed in the bath (a 2-liter beaker) which is then 


heated until the temperature is two to three degrees 
below the boiling point of the sample. The water as- 
pirator pump is then turned on, the stopcock B being 
open. Stopcock B is then partly closed until the liquid 
in the isoteniscope bulb begins to boil, driving out the 
dissolved and trapped gases. In order that the tem- 
perature of the bath and that of the liquid sample will 
not differ by more than one degree, an efficient stirrer 
should be used. The temperature of the sample is re- 
corded and the pressure of the mercury manometer is 
obtained when the sample ceases to boil and the liquid 
levels are identical in the U-tube. Allow the bath to 
cool slowly, meanwhile adjusting stopcock B so that 
the liquid levels do not differ greatly, or otherwise air 
will be sucked back into the bulb. If this happens the 
air must be boiled out again by reducing the pressure. 
The stopcock A is used to retain the mercury level in 
the manometer so that the pressure which corresponds 
to the temperature of the sample may be obtained at 
the operator’s convenience. 

When it is desired to obtain a new reading the pres- 
sure is adjusted until the manometer levels are equal- 
ized, whereupon the temperature and mercury levels 
are recorded. The procedure is repeated as many times 
as readings are required. The barometric pressure is 
recorded at the beginning and end of the run. It is also 
advisable to record the average temperature of the ex- 
posed stem in order to calculate the stem correction and 
so obtain the corrected temperature. — 

To determine the accuracy of the results obtained 
with the present apparatus, the vapor pressures of sev- 
eral liquids were measured. The temperature readings 
were corrected for the exposed stem but the pressures 
were not corrected to 0°C. The latent heats of vapori- 
zation were calculated from the plot of log P and (1/T) 
and this was compared with the latent heat of vaporiza- 
tion obtained by plotting the accepted values of log P 
and (1/T). The graphs were plotted on separate paper 
in order to avoid undue influence in selecting a line to 
represent the required slope. Inspection of the ac- 
companying table shows very good agreement between 
the accepted values of L and the experimentally deter- 
mined ones. The results obtained with CCl, and 
(CH3)sCO were obtained by separate student groups. 


TABLE 1 
Per Cent 


Experimental L Accepted L Error 


Benzene 103.3 cal./g. 104.1 cal./g. 
Water 563 cal./g. 568 cal./g. 
Acetic acid (20-100°) 164.7 cal./g. 160.4 cal./g. 
9893 cal./mol 9633 cal./mol 
50.31 cal./g. 49.33 cal./g. 
128.0 cal./g. 131.3 cal./g. 


Sample 


Carbon tetrachloride 
Acetone 
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It may be noted that the latent heat of vaporization 
per gram of acetic acid reported in the handbooks and 
International Critical Tables is given as 96.8 cal./g. 
This figure is obtained by dividing the molar latent heat 
of vaporization by the molecular weight of acetic acid 
vapor (approximately 101) at its boiling point. In 
several textbooks of physical chemistry, the authors 
have apparently used the value of 96.8 cal./g. to calcu- 
late Trouton’s constant and accordingly report values 
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around 14 for the constant. If the Trouton constant is 
calculated using the molar latent heat of vaporization 
as determined from the accepted vapor pressure data in 
9633 cal./mole 
391.4°A. 

of 24.6 for the constant. This is, of course, distinctly in 
good agreement with the values given for other so- 
called abnormal liquids. 

The authors thank Mr. Harold Wilson for the drawing. 


the table, namely , one obtains the value 


The Chemistry Department 
in the Small Liberal Arts College 


S. J. VELLENGA 


Tarkio College, Tarkio, Missouri 


ROBLEMS of administration in institutions of 

higher education are ever present. However, there 
are problems existent in the small liberal arts college of 
200 or 300 students which do not exist in larger institu- 
tions, at least not to as great an extent. Departments 
with one staff member certainly have many difficulties 
to solve which departments with a staff of two or more 
do not have. Chemistry has long since become a field 


wherein proficiency in all branches is well nigh impos- 


sible. Twenty-five years ago tne man might have 
handled all phases of a chemistry curriculum ade- 
quately. The question has now arisen, ‘“Can one man 
still present all the fundamental courses satisfactorily ?”’ 
If he has the ability, does he have the time? Can he 
synchronize his work with the aims of the college of 
which he is a part, and at the same time prepare stu- 
dents for graduate work or industry to the same extent 
that larger schools can? 

The best alternative, of course, is for these schools to 
present three years of chemistry with the prospect of 
the student’s completing his senior year at some larger 
school, perhaps at some school where he could go on 
further as a graduate student. This, indeed, may be the 
answer to the question of the chemistry department in 
the small college. 

At Tarkio College the departmental curriculum has 
been set up to make it possible for one man to present all 
courses completely so as to prepare students for gradu- 
ate work without retardation. 

The general chemistry course is adapted to fulfill the 
science requirement of any liberal arts student. The 
second semester of this course devotes all of its labora- 
tory work and one of its two recitation periods to ele- 
mentary qualitative analysis. The other recitation pe- 
riod takes up the study of the metals. 

During the second year quantitative analysis and a 
course in advanced general chemistry are offered. The 
advanced general chemistry course is a two-hour lec- 


ture-recitation course designed to add enough funda- 
mental details to prepare a student tor any junior or 
senior course in chemistry. (It is assumed that he will 
also be taking other fundamental courses such as phys- 
ics and calculus.) The general chemistry course of the 
first year is not sufficiently detailed for a chemistry 
major. There is not enough demand for two courses in 
the freshman year, that is, one for majors and one for 
those interested only in fulfilling their science require- 
ment. Therefore, the advanced general chemistry 
course fulfills the need of preparation for advanced 
work and it can be made sufficiently complete to satisfy 
any prerequisite for junior or senior chemistry. 

Organic and physical chemistry are offered alter- 
nately during the junior and senior years. This reduces 
the teaching load and in the small school the total num- 
ber of junior and senior chemistry majors is not too 
large to be handled efficiently. A seminar course is 
offered to seniors who show proficiency for it. . It con- 
sists of library and laboratory work and discussions on 
advanced topics. Some of the work may be on an orig- 
inal investigation of a minor nature., 

The above plan involves four different subject prepa- 
rations besides that required for the seminar course. 
It involves nine or ten class hours of lecture-recitation 
per week, and eleven or more clock hours of laboratory 
work, much of which can be handled by capable assist- 
ants. Certainly the instructor is not overburdened. 

Results of the program outlined above have not been 
fully determined since there has not been sufficient 
time nor a normal enrollment to test it out. However, 
the advanced general chemistry course has worked out 
admirably and has definitely justified itself. 

The efficiency of the one-man chemistry department 
is probably still a moot question. However, it does 
seem that the difficulties of such a program are not in- 
surmountable and a trial of only a few years should de- 
termine its feasibility. 





The Birth of the Modern Chemical Nomenclature 


RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 


aa HAT’S in a name?” Farmorethan Juliet realized 
when she declared “‘a rose by any other name 
would smell as sweet.’’ Contrast her childish query 
with the reasoned statement of a mature scientist. 
“For a language to be perfect it is not sufficient that 
each substance, each idea, each modification of form, 
time, place, and so on, should be represented by one 
word or by one invariable symbol; it is necessary, in ad- 
dition, both to aid the memory and to facilitate the 
operations of the mind, that analogous words should 
designate analogous substances, analogous ideas and 
modifications of ideas, et cetera. In this way chemists 
make use of the expressions sulfate, nitrate, chlorate, 
chloride, bromide, iodide, etc.’”’... ‘The discovery of 
a good chemical nomenclature is a problem so beset 
with difficulties, that from a thorough examination of 
them, we should be inclined to renounce the task of 
solution.’’? 
Man has handled chemical substances from the be- 
ginning of human activity and the names given to com- 
mon materials are, in many instances, as old as speech 


itself. They were coined as the need arose. Examples 
are water, iron, salt. With the development of metal- 
lurgy and medicine more and more varied materials 
came into use and required naming, and the haphazard 
method resulted in names that often were neither 


convenient nor sensible. With the rise and growth of 
alchemy there came a flood of new names, often pictur- 
esque, frequently absurd, and in many cases confusing 
by reason of a multiplicity of terms to designate the 
same substance. For instance, the material now called 
potassium sulfate had five names: sal polychrestum 
Glaseri, tartarus vitriolatus, vitriolum potassae, sal de 
duobus, arcanum duplicatum. Again such mouthfuls 
as powder of algaroth, sal alembroth, turbith mineral, 
colcothar, aethiops, are instances of names hard to re- 
member and that give no information about the sub- 
stances to which they were applied. A “pelican’’ was 
not a bird but a distilling vessel, the “‘death’s head” was 
the head of an alembic, ‘‘caput mortuum”’ or ‘“‘terra 
damnata” meant the residue from a distillation. 
Equally ridiculous were ‘‘oil of vitriol,’ “butter of ar- 
senic,” “liver of sulfur,’ ‘sugar of lead,” “flowers of 
zinc,” “milk of magnesia,” which are instances of 
names that are actually misleading and, as Dumas re- 
marked, give the impression that the chemists borrowed 
tHeir language from the kitchen, and as Lavoisier 
pointed out, are positively dangerous because most of 
these substances are poisonous. Is it any wonder that 


1 LAURENT, A., ‘‘Chemical Method, Notation, Classification 
and Nomenclature,’ translated by Odling, Cavendish Society, 
London, 1855, p. 356. 


only specialists, now or even then, could read under- 
standingly the chemical treatises in which such a bar- 
barous nomenclature was used? 

This situation was given serious thought when 
chemistry began to emerge from alchemy, and by the 
last half of the 18th century a little progress had been 
made, particularly in the introduction of a few generic 
terms. Similarity in composition led to class or group 
names such as rusts or calces (oxides), pyrites or mar- 
cassites (sulfides), vitriols (sulfates), niters (nitrates). 
T. Bergman, the eminent Swedish chemist, in 1782 pub- 
lished a systematic nomenclature, but it was limited 
chiefly to the salts and adapted to the Latin language.’ 
Others made efforts in this direction, but the real leader 
in the movement that finally resulted in the modern 
chemical nomenclature was the French chemist Guyton 
de Morveau (1737-1816). 

In 1780 de Morveau agreed to take charge of the 
chemical articles in the famous ‘‘Encyclopedie meth- 
odique.”’ The chemical part of this great dictionary be- 
gan to appear in 1786. Almost as soon as de Morveau 
began his editorial task he found himself blocked by the 
lack of suitable words to express his meaning, and he 
set about to improve this situation. His first essay on 
this subject was published in 1782. Here he set forth 
the principles that he thought should be followed in de- 
vising a nomenclature. A chemical name should not 
be a phrase; it ought not to require circumlocutions to 
become definite; it should not be of the type ‘‘Glaub- 
er’s salt,” which conveys nothing about the composi- 
tion of the substance; it should recall the constituents 
of a compound; it should be noncommittal if nothing is 
known about the composition of the substance; the 
names should preferably be coined from Latin or Greek, 
so that their meaning can be more widely and easily un- 
derstood; the form of the words should be such that 
they fit easily into the language into which they are to 
be incorporated. 

De Morveau’s essay, though praised by Bergman, 
was attacked by some of the members of the French 
Academy of Sciences. Satisfied that his views were 
sound, de Morveau went to Paris to answer the objec- 
tions personally and thus established a reputation as an 
authority on chemical nomenclature. 

At this period, Lavoisier and his disciples felt that 
they had proved their case against the phlogistians and 
were ready to take the next step, that is to convince 
others of the new doctrine. This campaign necessitated 

2 BERGMAN, T., ‘‘Essays Physical and Chemical,’ translated 
by Cullen, J. Murray, London, 1791, Vol. 3, p. 296. 

3 ““Memoire sur les denominations chymiques, la necessite d’en 


perfectionner le systeme et les regles pour y parvenir,”’ Observa- 
tions sur le physique, 19, 370 (1782). 
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a new nomenclature because their ideas could not be 
communicated in the old terminology. ‘We perceived 
the necessity of creating a nomenclature entirely new, 
which should be established upon the truths lately dis- 
covered, and free from everything of an arbitrary or 
hypothetical nature, as well as of every object foreign 
to chemical knowledge.”* It was only natural that de 
Morveau, though still a phlogistonist, should be in- 
vited to take part in this phase of Lavoisier’s efforts to 
bring chemical theory into harmony with the experi- 
mental findings. De Morveau and the leading anti- 
phlogistonists held a series of conferences, and in the 
course of these he was converted to the new doctrine. 
The first public result of the deliberations of this self- 
appointed group was a paper, read by Lavoisier to the 
Academy on April 18, 1787, on the necessity of reform- 
ing and perfecting the nomenclature of chemistry. He 
pointed out that the perfection of a language was of the 
greatest importance in science since the logic of the sci- 
ences is necessarily connected with their language. 
“In every physical science there are three things to 
consider, namely: the series of facts that constitute the 
science, the ideas that recall the facts, and the words 
that express them. The word should give birth to the 
idea, and the idea should portray the fact: these are 
three impressions of the same seal. Since it is the words 
that preserve the ideas and transmit them, it follows 
that it is impossible to improve the science without per- 
fecting its language and no matter how true the facts 
may be, however correct the ideas born from them, they 
will still transmit only false impressions if there are no 
exact expressions to convey them. The perfection of 
chemical nomenclature thus consists in rendering the 
ideas and facts in their exact truth, without suppressing 
anything they present, and, above all, without adding 
anything to them; the word must be nothing but a 
faithful mirror, for it cannot be repeated too often, it is 
neither nature nor the facts she presents but our own 
reason that deceives us.’’ These principles had not 
hitherto been applied to the language of chemistry, “‘ and 
although a new nomenclature, even with the greatest 
care in its construction, must be far from perfect, yet if 
it is based on sound principles, and if it is a method of 
naming rather than a nomenclature, it will adapt itself 
to future discovery, indicate the name and place of new 
substances that may be discovered, and need only some 
local and particular changes.*”’ 

The details of the new system were presented to the 
Academy by de Morveau on May 2, 1787. In this paper 
he outlined the basic principles of the new chemical no- 
menclature, which proved to be so good that it is still in 
use. De Morveau was in reality the author of this 
system of methodical nomenclature except for a few 
terms which had already been used by Lavoisier. So 
de Morveau deserves most of the credit for this advance 


4 Fourcroy, A. F., ‘‘A General System of Chemical Knowl- 
edge,’’ translated by Nicholson, Cadwell and Dayies, London, 
1804, Vol. 1, p. 66. 

5 McKim, D., ‘‘Antoine Lavoisier,” J. B. Lippincott Company, 
Philadelphia, 1936, p. 250. 
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which so markedly contributed to the subsequent rapid 
extension of chemistry. 

All substances were divided into two classes: ele- 
ments and compounds. The former, that is the materi- 
als that had not yet been divided into simpler sub- 
stances, were subdivided into five groups: (1) those 
that approached nearest to a state of simplicity, such as 
oxygen, hydrogen; (2) the acid-forming elements, such 
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Bolton wrote: ‘‘This is the corner-stone of modern chemical 
terminology, and with Lavoisier’s ‘Traite Elementaire de Chimie’ 
exerted the greatest influence on the progress and stability of the 
science.” 

The English translation by J. St. John was published in Lon- 
don in 1788. Lyman Spalding, lecturer on chemistry at Dart- 
mouth, issued a translation ‘“‘with additions and improvements” 
at Hanover in 1799. Headopted the term “‘septon”’ for nitrogen, 
and hence nitric acid was called by him ‘‘septic acid.” In most 
other respects, de Morveau was followed. 
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as sulfur, phosphorus, carbon; (3) the metals; (4) 
the earths; (5) the alkalies. The old names for the 
metals and some of the nonmetals were retained; La- 
voisier’s names for the other nonmetals: oxygen, hydro- 
gen, azote (nitrogen) were introduced. These latter 
names are excellent examples of good names, because 
anyone with an elementary classical education can ex- 
tract from them some information about the substances 
so named. 

Compounds were classed as binary or ternary. Bi- 
nary compounds included the acids which were as- 
sumed to be made up of two elements, oxygen (the acid- 
former) and a nonmetal. The names were composed of 
two words, one (acide) common to all, the other specific 
for each acid (acide carbonique, acide sulfurique, etc.). 
If there were known two acids of the same nonmetal, the 
name of the one containing the less oxygen ended in eux 
(ous). The second group of binary compounds com- 
prised the oxygen compounds of the metals, which as 
bases were placed opposite the acids. They were given 
the generic term oxydes (oxides) to which the name of 
the particular metal was added (oxyde de plombe). 
The ending ure was used for the binary compounds of 
metals and other elements (sulfure, carbure) an ending 
that was long rendered in English as et (sulfuret), now 
changed to ide. 

The principal ternary compounds were the salts pro- 
duced by the union of acids and bases. The generic 
names were derived from the parent acid, with the ad- 
dition of the metal, alkali, or earth (nitrate de plombe, 
sulfite de baryte). 

De Morveau said with justice, ‘‘No one will fail to per- 
ceive, at the first glance, all the advantages of such a no- 
menclature, which while indicating various substances, 
at the same time defines them, recalls their constituent 
parts, classes them in their order of composition, and to 
a certain extent draws attention to the proportions that 
cause the variations in their properties.” 

The proposed new nomenclature was published in 
book form at Paris in 1787. The volume bore the title: 
‘“‘Methode de Nomenclature Chimique, Proposeé par 
Mm. de Morveau, Lavoisier, Berthollet et de Four- 
croy.” The first section consisted of Lavoisier’s paper; 
the second of de Morveau’s essay; the third was a table 
or dictionary compiled by Fourcroy, who arranged 
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about 700 substances alphabetically according to their 
old and new names. Here for the first time appeared 
in print such names as carbonate de magnesie (formerly 
poudre du comte de Palme or poudre de Sentinelly), 
phosphate de fer (syderite, fer d’eau, mine de far de 
marais); acide carbonique (Gas sylvestre, spiritus syl- 
vestris, air fixe, acide aerien, acide atmospherique, acide 
mephitique, acide crayeux, acid charbonneux). The 
book was soon translated into the principal European 
languages. ‘In order to render if not the expression, at 
least the ideas of the original, the idiom conversions and 
particular arrangements required by the genius of each 
language were adopted.” The new nomenclature 
quickly made its way into use by chemists, particularly 
the younger ones, in all parts of the civilized world, de- 
spite the prejudices entertained against it and the op- 
position it met almost everywhere. 

The system of names was patently designed to further 
the Lavoisierian doctrine, and consequently was re- 
sented by the anti-phlogistians and also by many 
others who thought the new ideas were being thus 
forced on them. The strength of tradition is always a 
tremendous obstacle to reform, a situation, in this case 
cogently put by Thompson, the English chemist: 
“The establishment-of a new nomenclature in any sci- 
ence ought to be considered as high treason against our 
ancestors, as it is nothing less than an attempt to render 
their writings unintelligible, to annihilate their dis- 
coveries, and to claim the whole as our property.” 

This reform of the chemical nomenclature has stood 
the test of time; the language of chemistry is pretty 
much as the four French chemists left it. Lavoisier’s 
books and papers can be read with ease by modern 
chemists; he speaks our language, or rather we speak 
the language of de Morveau and Lavoisier. 

“Technical terms carry the results of deep and la- 
borious research. They convey the mental treasures of 
one period to the generations that follow; and laden 
with this, their precious freight, they sail safely across 
the gulfs of time in which empires have suffered ship- 
wreck, and the language of common life has sunk into 
oblivion.’ 


6 Fourcroy, A., op. cit., p. 69. 
7 WHEWELL, ‘‘The Philosophy of the Inductive Sciences, 


J. W. Parker, London, 1847, Vol. 1, p. 51. 


Laboratory Uses for Discarded Fluorescent Light Tubes 
MARY CARLISLE BLACKMON 
Hartsville High School, Hartsville, South Carolina 


DISCARDED fluorescent tubes which we so often 
see amid the rubbish of trash containers may be made to 
serve many useful purposes in the laboratory. When 
the connecting knobs are cut off and the fluorescent in- 
side coating is washed out a clear tube of large size is 
obtained. These tubes are made from a good quality of 
well-annealed pyrex glass and therefore can be cut, fire- 
polished, and made to serve a variety of laboratory 
needs where large size glass tubing is required. 


Among the various uses that such tubing might find 
in a laboratory we suggest the following: 


Outer tube for a condenser. 
Resonance tube for experiments in sound. 
Kundt’s Dust Tube. 

4. Uncut, the tubes may be used to illustrate conduction in 
partial vacuum and fluorescence. 

5. In hands of a glass blower the tubes may be fashioned into 
a variety of laboratory devices. 


1. 
2. 
3 





de 


syl- 
‘ide 





HE American Chemical Society has protested a 

decision of the Civil Service Commission denying 
professional status to chemists, physicists, and engi- 
neers. Unless the position of the Commission is re- 
versed, it is declared, chemists will turn to industry, 
and the Government will have difficulty in obtaining 
technical talent to carry on its extensive research pro- 
grams. 

The Commission, it is explained, will require mini- 
mum educational qualifications in the case of medical 
doctors, dentists, veterinarians, teachers, nurses, and 
some other classifications within the category of sci- 
entific, technical, and professional positions, but will 
not demand minimum educational requirements from 
those who seek positions as chemists, physicists, and 
engineers. 

“Apparently it is now the considered judgment of 
the Civil Service Commission that chemists need not be 
given a formal and organized education,” says Industrial 
and-Engineering Chemistry. 

“It is well that the 40,000 members of the Society 
and indeed, all the chemists of the country, be informed 
of the disservice to their profession that comes from the 
present stand of the Civil Service Commission. It is 
well for the country at large to know that the Govern- 
ment will find it increasingly difficult to continue ex- 
tensive research programs for the simple reason that 
chemists in large numbers will and should decide 
against government service when they discover that 
the Commission does not consider chemists worthy of 
professional recognition, while readily affording such 
recognition to doctors, dentists, veterinarians, and 
nurses. 

“The chemical profession resents the discriminatory 
action of the Commission. Under such adverse treat- 
ment, will it be at all surprising to find the really com- 
petent chemists turning to industry rather than to 
Government service when looking for positions in the 
postwar period? Perhaps the Commission is ignorant 
of the fact that the demand for chemists and chemical 
engineers in the postwar era will greatly exceed the 
supply.” 

Under the Veterans’ Preference Act of 1944, it is 
pointed out, the responsibility of deciding whether 
minimum educational requirements are to be demanded 
for positions of a scientific, technical, or professional 
nature rests with the Commission. 


@ Women will be able to take their pick of chemistry 
jobs for the next five years. 

This is the prophecy of Dr. Marion Cleaveland, 
assistant professor of chemistry, Western Reserve 
University, Cleveland, Ohio. 

Reason for this viewpoint, according to Miss Cleave- 
land, is that the men who normally would be in train- 
ing for chemistry careers are serving Uncle Sam, and it 
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will be five years before enough men can be trained in 
the field to replace the women who have stepped into 
their places during the war. 

The field of patent research is the widest field now 
open to women chemistry majors, Miss Cleaveland re- 
ports. She is urging her women students to consider 
this type of work seriously because this field is apt to 
remain open to women for a longer period of time. 

Many women chemistry majors are following up 
their science training with graduate work in law to pre- 
pare for this work. Another occupation for women 
with chemistry backgrounds is that of technical li- 
brarian. 


@ A new method, under the name of The Synthol 
Process, has been announced by the M. W. Kellogg 
Company, for the production of gasoline from natural 
gas. It is based upon the well-known Fischer-Tropsch 
process and is said to be able to yield 75-octane gasoline 
at approximately 5 cents a gallon. 


@ The estimated production of chlorine for the second 
quarter of 1945 was 345,800 tons, which was allocated 
for use by WPB as follows: 





Tons 

VU CSRRE GOORIN ol 5 xis ae y pide en were emeinte BOR 9,420 
RM Sau ea 34a cee age axa hes a cc pr hiana o a er ee 42,705 
FEMI Ooo oc eae ees sewed oh Wola Mae REST e aE 401 
POEUN Gee LS ore oe Shedd owsels vi snlewete we we 55 
Tp a G. 2io't ss gua dane awe eae 1,250 
ROI OR ices 3 doimedailonnnt ovewenwetans 1,620 
POR OMG PORN oie. acece  cgecein sl aixeretens 270 
ee CNNSI oo aincec ap .0.acy Sa civ pin nie gaeiwwes dard 1,622 
Tegastrioremm@enite. soo... ee ree ed 454 
COIS iar are. sx dese hares ers See wee Res 183 
Semtekic SN Oi ss hiss ited Wig cee ws bare settee aieek 4,845 
All sodium and calcium hypochlorites........... 11,432 
Wyre Gre SONMINOSE oe oo oo oc Ca par cess an wees 8,501 
RRMA oo 676 6 cha 58 eae dle ep miaeiworetinnne ee es 952 
Senatrewnmere:<2is cd ees Hl ndevadl 5,675 
CHEM: OSS sill dds Bd Seda ede eae 256,449 

PRAMS IZEN. Soh 24 nis wold Swe erecdads tie « dire bale 345,834 
The report of these figures contained the following 

paragraph: 


‘“WPB told the committee that a very tight position 
on all types of containers would prevail during the 
second quarter. It was felt, however, that drum ship- 
ments would not be excessively tight in the second 
quarter. Barrel shipments and paper bag shipments 
are expected to continue difficult.” 

It would be interesting for students, who know a 
little something about the properties and behavior of 
chlorine, to consider why ‘‘drum shipments,” “barrel 
shipments,” or “paper bag shipments” are of any im- 
portance in the transportation of chlorine. 


@ For its obvious purposes we strongly recommend a 
pamphlet issued by the National Society for the Pre- 
vention of Blindness (1790 Broadway, New York 19, 
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New York) entitled, ‘Industrial First Aid in Chemical 
Injuries of the Eye,” by Dr. James M. Carlisle (price 
5 cents). 


@ A new synthetic skin detergent has recently been 
put on the market with the name “‘pHisoderm.” We 
shudder to think what the purists in English usage will 
say when they run into this name and speculate on its 
etymology. Even to pronounce it will require at least 
a year’s course in chemistry! 


@ We understand that there is a new method for coat- 
ing fluorescent lamps. The tube to be coated on the 
inside is slipped over a tungsten wire to which a very 
high voltage is applied. The dry, powdered phosphor 
material is then blown into the tube, whereupon the 
fine particles become electrically charged, fly to the 
glass, discharge, and stick there. 


@ Service to mankind, not financial gain, is the chief 
reward of those who enter the chemical profession, 
says a pamphlet on ‘Vocational Guidance in Chemis- 
try and Chemical Engineering”’ issued by the American 
Chemical Society to inform students and teachers of the 
opportunities offered in these fields. 

“The fields of chemistry and chemical engineering are 
not places to make large sums of money, and those 
primarily interested in this phase of life should seek 
other and more lucrative vocations,’”’ says the pamph- 
let, prepared under the direction of a committee con- 
sisting of Dr. Roger Adams of the University of IIli- 
nois, Dr. Walter G. Whitman of Massachusetts Insti- 
tute of Technology, and Dr. W. T. Read of Rutgers 
University, chairman. 

“The chemist and the chemical engineer have a de- 
finite professional status, and, like the doctor, dentist, 
and lawyer, are imbued with the idea of serving their 
fellow men,” 

Chemical employment is relatively stable, according 
to the committee. During periods of depression there 
has been some overcrowding in the chemical profession, 
it is pointed out, but at no time in the 1930’s were 
there as many as 10 per cent of chemists and chemical 
engineers out of work for any length of time. Unem- 
ployment is found generally among those inadequately 
trained who are naturally in the lower salary levels. 

“A beginning salary of $1800 to $2400 is paid quali- 
fied men,” says the pamphlet, discussing the earning 


power of chemists and chemical engineers of all ranks. 


‘“‘A few who hold a bachelor of science degree may begin 
in plants on an hourly basis and get less at the start. 
Those having graduate training are better paid. 

“Very few doctor of philosophy or doctor of science 
graduates enter industry at less than $2800 per year 
and may get as much as $3600. In times of great 


shortage of manpower the starting salaries of recent 
graduates are somewhat higher than these figures, 
while in periods of depression they are lower. 
“Earning power with increased experience depends 
upon the ability of the individual and the degree of 
responsibility attained. The most recent survey of the 
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members of the American Chemical Society completed 
early in 1944 indicated that 50 per cent of those who 
started work in 1943 received a salary above $2000 per 
year, and 10 per cent started above $2600. The annual 
income including salaries and bonuses received by 10 
per cent of the members with 40 years of experience 
was in excess of $17,000, while another 10 per cent had 
never exceeded $3200 per year. 

“Nontechnical or business administration positions 
often represent the highest paid type of work in chemi- 
cal industry, the salary depending largely on the re- 
sponsibility assumed. At the bottom of the salary 
scale are those doing strictly routine testing and analy- 
sis. 

“Appointment to a college teaching position is pref- 
erably given to one holding the doctor’s degree. In- 
structorships are generally considered as apprentice- 
ships. From $1800 to $2500 is a fair beginning salary 
in a college teaching position. Experienced college 
teachers after about 10 years’ service earn about $3000 
to $5000, and those who pass through all grades of 
promotion are paid between $4000 and $10,000 per 
year. 

“In small institutions the salary is generally some- 
what less, but the exceptional research professor in a 
large college is paid somewhat more. The scale of 
salaries for academic work is lower than in industry. 

“High-school teaching, with some positions open to 
those with the bachelor’s degree, has a beginning salary 
of $1200 to $1500 per year, which in mature life may in- 
crease to about $3500. A few consultants have built 
up large practices through the years that earn consider- 
able income.” 


@ We recently received the first number of a new 
chemical periodical, Revista Colombiana de Quimica, 
published by the Chemical Society of Colombia. The 
appearance of this journal is another example of the 
scientific awakening of the Latin-American countries. 
We have now a respectable number of exchanges from 
these countries, of excellent caliber. Another one is 
Quimica, the organ of the Scientific Society of the 
National School of Chemical Science, in Mexico. 


@ A new electronic de-kinking process is now being 
employed to rid rayon cord of its tendency to curl, per- 
mitting its use in weftless form (without cross-woven 
cords) in the carcasses of heavy-duty truck tires. 

Spools of the rayon cord are put through an electronic 
oven where heat, applied “‘internally’’ by electrical 
agitation of the molecules, gives the rayon the opposite 
of a permanent wave. 


@ Current shortages of carbon black and other tire 
components, the early advent of hot summer throughout 
the country, and the needs of the armed services for 
heavy-duty tires and rubber products until the war is 
won make it imperative for truck and bus operators to 
get every possible mile out of their synthetic heavy- 
duty tires, the Maintenance Section of the Highway 
Transport Department of the Office of Defense Trans- 
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portation said today in making public seven suggestions 
for the ‘‘breaking in’’ of new synthetic tires. 

To get capacity service, both as to mileage and re- 
liability, from synthetic tires, it was pointed out, com- 
mercial motor vehicle operators must begin at the be- 
ginning by taking special care in “breaking in” new 
tires and tubes. Synthetic rubber tread has less re- 
sistance to heat than the prewar natural rubber tread. 
Moreover, synthetic rubber tires do not have extra 


| capacity with which to withstand overloading, over- 


speeding, under-inflation, and other abuses which could 
be absorbed by natural rubber tires. 
“The different characteristics of synthetic rubber 


] cause the tread and the tire casing to become much 
9 hotter when in use and make them more vulnerable to 
@ the resulting abuses. The strength of the synthetic tire 
F casing is greatly reduced when the tire casing is con- 
@ tinuously overheated for any reason and a short period 
7 of severe overheating may cause the synthetic tire to 
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blow out or otherwise fail. 

“In addition, synthetic tire tread rubber stretches 
less easily than natural rubber, and if new synthetic 
rubber tires are not broken in carefully, cracks may de- 
velop in the tread rubber, which will cause a rapid 
breakdown of the whole tire.” 


@ It is anticipated that at least 250,000,000,000 units 

of penicillin a month are to be made available for 

civilians, according to the War Production Board. 
Penicillin production for 1945 has been reported as 


follows: January, 394,000,000,000 units; February, 
405,000,000,000 units; March, 460,000,000,000 units. 


ooze panier soo 


In view of the increased available supply of penicillin, 
it has been recommended that consideration be given 
to the packaging of 200,000 unit vials of the sodium 
salt, and to the packaging of the calcium salt of the 
drug in 100,000 and 200,000 unit vials for civilian use. 


i To date, only the sodium salt of penicillin was available 
7 for this purpose. 
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Additional quantities of penicillin should be made 
available to industry for experimental and research 
projects in order to obtain adequate clinical evidence on 
the action, stability, and effectiveness of various penicil- 


# lin dosage forms such as the suspension of the calcium 
|salt of penicillin in peanut oil and beeswax, tablets, 
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capsules, ointments, and dental preparations, authori- 
ties have said. 

The dried calcium salt and the calcium salt sus- 
pended in oil for parenteral use are both expected to be 
available shortly. However, other dosage forms such 
as capsules, tablets, and ointments will not be avail- 


7 able until the supply situation improves. 


| sell penicillin for veterinary use. 


Producers were advised by WPB that they may now 
Penicillin will be of 


] particular importance in the treatment of bovine 
7 mastitis, an infection common in dairy herds, WPB 








explained. 
@ Studies of the toxicity and absorption of gtrepto- 
mycin, a new anti-biotic (germicidal or germ-inhibiting) 
agent, are now being conducted by the Office of Sci- 
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entific Research and Development. Streptomycin is 
manufactured by a method similar to that used for the 
production of penicillin, but from a different variety of 
mold. Small quantities of the chemical are being pro- 
duced by industry for this research work. Clinical 
studies will be undertaken by OSRD after the toxicity 
studies have been completed. 


@ “Even more than bread, people in the liberated 
countries of Europe want knowledge and skills with 
which to help themselves,”’ said Archibald MacLeish, 
assistant secretary of State, in an interview granted 
educational journalists. | 

“The intellectual vacuum in Europe is terrible to 
think about,’’ Mr. MacLeish said, ‘‘and at the same 
time a great challenge to us.” 

Yet, he admitted, the United States is doing very 
little to meet that challenge. The only intellectual 
cooperation program functioning now is with Latin- 
American countries. This work was first started by 
the Coordinator of Inter-American Affairs and subse- 
quently transferred to the State Department. Legisla- 
tion, soon to be introduced, will seek to create similar 
cultural exchange programs with European countries. 


@ War Correspondent Raymond Daniell, in describing 
a tour of captured Cologne, reports his findings as 
follows: 

“In a discussion on the problem of reopening schools 
and re-educating German youth, it developed that 
neither buildings nor textbooks were available. But an 
Allied Military Government official said that for the 
time being he thought that would not matter. If he 
had his way, he said, he would gather the children 
together and adopt the Socratic method of taking them 
on excursions to ruined cities, hospitals, and ceme- 
teries of battlefields, explaining to them that they were 
viewing the fruit of militarism and aggression.” 


@ Approximately 64 per cent of all the butadiene, the 
basic chemical for making GR-S synthetic rubber, pro- 
duced last year for military and essential civilian rub- 
ber requirements was made by the alcohol process, 
according to Carbide and Carbon Chemicals Corpora- 
tion, one of the developers of the process. 

The Government’s original plan for producing syn- 
thetic rubber provided that about one-third of the re- 
quired butadiene would be made in plants employing 
the alcohol process. The 1944 production record of 64 
per cent of all the butadiene produced in the country 
was made despite the fact that good progress had been 
made in the production of butadiene by other processes. 


@ Announcement of the founding of a new intercol- 
legiate veterans’ organization was recently made by 
the organizing chapter at the Polytechnic Institute of 
Brooklyn. 

As the first organization on a national scale to grow 
out of World War II, the founding GIs have selected 
the name Gamma Iota Alpha, with its initials standing 
for ‘GI Association.’”” The new association is for 
honorably discharged members of any branch of the 
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armed forces who are attending college or who have 
attended college. 

The association presently is operating along fraternal 
lines, although it is in no sense a fraternity, for men 
attending colleges under the GI Bill of Rights, or a 
similar law, or as individuals. Servicewomen also are 
entitled to join the association and it is entirely possible 
that units eventually may be established in coeduca- 
tional and women’s colleges for members of the Spars, 
Waves, Wacs, and women Marines attending college 
under the GI Bill of Rights. 

While the association at the present time is function- 
ing as an undergraduate organization it is open to 
veterans of all wars who are college graduates and it will 
continue after the last man has finished his work under 
the GI Bill of Rights as an organization of college 
veterans. Taking an active part at the Polytechnic 


Institute in formation and planning of the organization 


are members of the Polytechnic Institute faculty who 
are veterans of the first World War. In their opinion, 
the new organization can be one of the most helpful 
instruments to the administrators of colleges all over 
the United States in aiding the discharged serviceman 
to rehabilitate himself to civilian life. 

Information about the organization and a copy of its 
constitution may be obtained from Gamma Iota Alpha, 
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Polytechnic Institute of Brooklyn, 85 Livingston Street, 
Brooklyn 2, New York. 


@ The nation’s supply of natural rubber will be down 
to about 65,000 tons at the end of this year, in striking 
contrast to the 100,000-ton inventory that was regarded 
as the ‘‘disaster level’ at the time of the Baruch Com- 
mittee’s report on rubber, it has been said. 

“Only the fact that we have made such outstanding 
technical progress that we now can rely on synthetic 
rubber for 85 per cent of the nation’s rubber needs 
saves us from being actually far below disaster level,’’ 
said James J. Newman, vice-president of the B. F. 
Goodrich Company, at a Navy rubber conservation 
conference held at the Norfolk Naval Air Station. 
‘Even so, natural rubber is once again one of the most 
critical of all strategic materials because, though used 
sparingly as ‘flavoring,’ it is a vital ingredient in many 
heavy-duty tires, the type which are in continuing 
unprecedented demand by the Armed Forces,” he 
added. 


@ A new rubber plastic, called Styraloy, is made from 
styrene and butadiene, the two compounds which are 
used for the manufacture of Buna-S. The product has 
been in limited production for some time and its secret 
military use has precluded earlier announcement of the 
material. So light that it floats on water, Styraloy has 
exceptional electrical properties, can be worked like 
wood, and as a molding powder lends itself to all com- 
mon forms of plastic fabrication. It is anticipated that 
the material will be made in all colors by mixing with 
dyes or pigments. 

The new compound is manufactured in the form of a 
dark, blue-gray powder to form products which have 
varying degrees of hardness, from nearly as soft as 
rubber to very hard and tough. 

Its electrical properties place it in the field of low-loss, 
low-capacitance, high-dielectric-strength insulating ma- 
terials. Among other features of the material are 
abrasion resistance better than shoe leather, low mois- 
ture absorption, and ability to’ remain flexible over a 
temperature range of —90° to well over the boiling 
point of water. 

Styraloy is said to have marked advantages as a 
compounding ingredient with a wide variety of syn- 
thetic rubbers and with some thermoplastics. It con- 
fers good electrical properties, better moisture resist- 
ance, and improved low-temperature flexibility on such 
materials. This composition of properties is particu- 
larly advantageous for certain types of military com- 
munication cables. 


@ The productive capacity of the American dyestuff 
industry has increased sufficiently in the last few years 
to permit this expanded American industry to play a 
new role in the world dyestuff market after the war. 
We are supplying more dyestuffs to Latin America, 
Canada, and other friendly nations than formerly, in 
addition to meeting the phenomenal demand of the 
best uniformed military force in all history and supply- 
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ing all civilian requirements permitted by the War 
Production Board. 

United States Department of Commerce studies 
have disclosed that the future for the export of dyes 
from our country is ‘exceedingly hopeful in view of the 
greatly altered position in which this country now finds 
itself with respect to world markets.” 

“The United States is now the world leader in dye 
manufacturing,’ says George W. Burpee, President of 
General Aniline and Film Corporation. ‘‘We are pro- 
ducing practically every dye we need here. Our 
American dyes are the equal of any in the world. Our 
big job from now on will be to maintain this leadership ; 
and to this end much significance must be attached to 
our research activities, which today are being carried 
on along a wide and expanding front.” 


@ A new process for making ethyl chloride, one of the 
most important chemicals used in manufacturing 
Ethyl fluid to produce high octane gasoline powering 
Allied air fleets on the world’s battlefronts, is an- 
nounced by Ethyl Corporation. A $750,000 unit em- 
ploying this process is now under construction at the 
company’s Baton Rouge, Louisiana, plant. 

The process yields ethyl chloride by reacting chlorine 
with waste products from one of the present ethyl 
chloride units at Baton Rouge. It was developed in 
view of the ‘‘tight’’ supplies of both alcohol and ethyl- 
ene, compounds used in producing ethyl chloride, 
through two present processes. 

The principal use of ethyl chloride is in making 
tetraethyl lead by combining it with an alloy of lead 
and sodium. Tetraethyl lead comprises about two- 
thirds of Ethyl fluid and does the work in taking out 
the ‘“‘knock’’ in gasoline. 

Ethyl chloride also is used in dentistry as an anes- 
thetic on abscessed gums, as a general anesthesia in 
short operations with the advantage of no after-effects, 
in producing ethyl cellulose which is the basis for cer- 
tain plastics, as a catalyst in synthetic rubber manu- 
facture, as a constituent of cognac essence, and some- 
times as a refrigerant. 

Chlorine for the new process is produced by breaking 

salt electrically into chlorine and sodium. The sodium 
from this electrolysis is combined with metallic lead to 
form a lead-sodium alloy used in making tetraethyl 
lead. ; 
The two methods already in operation for making 
ethyl chloride are based (1) on the hydrochlorination of 
alcohol, and (2) on the hydrochlorination of ethylene. 
In the alcohol process, ethyl alcohol vapor and hydro- 
chloric acid combine in the presence of a catalyst to 
form ethyl chloride and water. 

In the ethylene process, ethylene gas is mixed with 
hydrogen chloride gas in the presence of a catalyst. 
The two gases first are passed through a reactor where 
hydrochlorination occurs, and later through a ‘“‘flash 
drum”’ which distills off the lighter ethyl chloxide frac- 
tions, leaving the heavier polymer fractions. The 
ethyl chloride then is purified by fractionation. The 
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first of two plants using the ethylene process was built 
in 1939. 

The new process was developed because of increas- 
ing wartime demands for raw materials. Before the 
war, Ethyl Corporation converted all the chlorine from 
electrolysis of salt to hydrogen chloride to make ethyl 
chloride, and bought additional amounts of chlorine 
elsewhere. Due to rising wartime demands for tetra- | 
ethyl lead and for chlorine in other uses, the company 
overproduced sodium in 1941 to obtain more chlorine, 
discontinuing open market purchases of chlorine, and 
storing the surplus sodium. 

When nationwide chlorine supplies became critically 
short, plant facilities were expanded to substitute 
hydrochloric acid for chlorine, producing the hydro- 
chloric acid from sulfuric acid and common salt. 

Then ethyl alcohol, used in making detonating 
powders and butadiene for synthetic rubber, came in- 
creasingly into demand. Construction of a second 
ethylene plant at Baton Rouge for the production of 
ethyl chloride helped to relieve the supply situation in 
ethyl alcohol. 

As the war progressed, supplies of ethylene in the 
Baton Rouge area became inadequate in meeting the 
continuously increasing demands for ethyl chloride 
needed to manufacture tetraethyl lead. The new plant 
is expected to meet all increased requirements for ethyl 
chloride for tetraethyl lead without additional drain 
upon available supplies of alcohol or ethylene. 


@ Every year, flamthable solvents, such as gasoline, 
naphtha, benzene, and acetone, cause fires and ex- 
plosions that kill or injure hundreds of persons and 
destroy property worth millions of dollars in American 
business establishments. To ensure safety, therefore, 
adequate protection from these hazards must be pro- 
vided wherever flammable solvents are employed. 

Even when used in small quantities, flammable sol- 
vents require careful handling. They should be kept in 
approved safety cans and applied where there is no 
danger of ignition from flames, mechanical or electric 
sparks, or high temperatures due to fire or friction. 
Smoking in the area of application should be pro- 
hibited. 

Where large quantities of flamtnable solvents are 
used, further protective measures are necessary. 

To prevent disastrous explosions, the concentration 
of solvent vapor in the atmosphere must be kept below 
the lower explosive limit by using equipment that 
minimizes the escape of vapor into the air and by 
supplying a sufficient amount of fresh air by means of 
natural or mechanical ventilation. In practice, the 
vapor content of the workroom air should be kept be- 
low the ‘“‘maximum allowable concentration for con- 
tinuous exposure,’ which is basic protection from both 
toxicity and explosion. 

But good general ventilation does not eliminate the 
localized fire hazards created by volatile flammable 
solvents. Special precautions must be taken to pre- 
vent the ignition of spills, creeping vapors, which may 
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travel 100 feet or more from the point of origin, vapors 
collected in low places, such as pits or basements, and 
the explosive vapor-air mixtures that remain in con- 
tainers emptied of solvents. 

In removing all possible sources of ignition from areas 
where flammable solvents are being handled, enclosed 
explosion-proof electrical equipment should be installed 
in accordance with the National Electrical Code; 
nonsparking bronze tools should be used; and workers 
should be provided with shoes made without nails. 

Flammable solvents should be stored and handled 
in equipment installed in accordance with the stand- 
ards of the National Fire Protection Association. 

For extinguishing fires in flammable solvents, an 
ample number of portable fire extinguishers of approved 
types should be provided. Types suitable for use on 
fires in flammable liquids include foam, vaporizing 
liquid, carbon dioxide, loaded stream, and dry powder. 
In addition, equipment presenting special fire hazards, 
such as open tanks containing solvents, may require 
individual protection with built-in fire-extinguishing 
systems. 

In all cases, workers should be trained in fire fighting 
and in other operations that will help to prevent loss of 
life and property in the event of fire. 


@ The present carbon black situation—regarded by 
leaders in the rubber industry as the most serious ma- 
terial shortage it has experienced since Far Eastern 
rubber imports stopped in 1942—turns the spotlight on 
a substance of lowly origin which has come to fill a 
unique and most important industrial role. 

Carbon black consumption in the United States last 
year—totalling 425,000 tons—exceeded its production 
by 21 per cent. About 90 per cent of it is used by the 
tire industry. It was the severe shortage of carbon 
black that caused the relaxation of the seven-day week 
in the tire-building industry last month, and it already 
has operated to further postpone the day when in- 
creased numbers of tires can be made for civilian 
users. To meet the urgent demands of the war tire 
program, Government directives have cut down the 
amount of carbon black used in certain kinds of tires 
and huge production increases are being ordered. All 
projects for the expansion of facilities in the carbon 
black industry have been given AA1 priority rating. 

For the present, however, carbon black, which is a 
form of that bane of harried housewives—common 
soot—seems almost as precious as diamonds—of 
which it is, in fact, a first cousin. Diamonds, graphite, 
and soot, different as they are in appearance and 
properties, are all produced by the condensation of 
gaseous carbon. 

The raw rubber shortage was licked by the develop- 
ment of an adequate supply of synthetic rubber. But, 
even in this age of synthetics, there is no substitute for 
carbon black. An accident of nature, since it results 
from faulty combustion of natural gas, carbon black 
nevertheless has qualities that man’s science and in- 
genuity have never duplicated. It is the blackest sub- 
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stance known to man, and the most finely divided. 

A speck of carbon black the size of the head of a pin 
may contain a thousand billion basic particles. If the 
surfaces of the individual particles in one pound of 
carbon black could be flattened out and laid side by 
side and end to end, they would cover about 10 acres. 

It is used in the manufacture of printing ink, paints, 
pigments, and stove polish, but about 90 per cent of the 
total consumption goes to the rubber industry. 

In the early years of motoring, a driver was lucky if a 
tire lasted for two or three thousand miles. Today a 
tire mileage of 30,000 is commonplace. One of the most 
important factors in this development was the dis- 
covery that carbon black, compounded with rubber, 
increases its tensile strength and its resistance to 
abrasion and tear. It was during the first World War 
that ‘‘black tread’’ tires began to replace the then- 
standard white ones. 

Introduction of carbon black into tire-making was 
met with skepticism by some elements in the industry, 
and its sponsors were publicly accused of using it as a 
cheap substitute for zinc oxide—still one of the primary 
ingredients in rubber compounding. But road tests 
quickly demonstrated the superiority of the black 
tread tires, and for years carbon black has been used 
universally throughout the industry. It is one of the 
principal reasons for the great increases in tire mileage 
the American motorist has enjoyed. Of all substances 
used in compounding and treating rubber, it is exceeded 
in importance only by sulfur, the vulcanizing or curing 
agent. 

Unlike the natural rubber crisis, the shortage of 
carbon black is due to increased demand rather than 
cut-off supply. Not only has tire production increased 
to meet the needs of war, but also the proportion of 
carbon black to rubber in tire tread formulas has gone 
up steadily through the years. 

Modern treads contain a half pound or more of car- 
bon black to each pound of rubber. Natural rubber 
tires of the immediate prewar period contained 50 per 
cent more carbon black than tires made in 1928. The 
most recent step-up in the proportion of its use came 
with wartime reconversion to synthetic rubber, since 
tires made of the man-made product require more 
carbon black than natural rubber to achieve compar- 
able performance. 

Carbon black was ‘“‘discovered’”’ in 1864 by a Phila- 
delphia ink maker named J. K. Wright. It is produced 
by impinging a natural gas flame against metal, then 
scraping the metal to collect the resultant deposit. 
Millions of tiny flames are kept burning day and night 
to turn out the nation’s carbon black supply, about 88 
per cent of which is produced in the Texas ‘‘Pan- 
handle.’’ Abundance of natural gas plus availability of 
waste refinery gases in that petroleum area made it 
inevitable that the region would become the center of 
the carbon black industry. Today vast clouds of black 
soot tower skyward, stretching along the Panhandle 
horizon above the low, rambling sheds of the carbon 
Black producers. 
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LETTERS 


To the Editor: 

Given an atomic number alone and no other data, 
the number of valence electrons or number of electrons 
in the outer orbits can be found by adding the digits 
of the atomic number, according to a few simple rules. 
These rules provide a simple and easy method for re- 
membering the valence of all the elements in the Peri- 
odic Table. They also have usefulness in deciding at 
once the group or subgroup character and number of 
the particular given element. These ‘‘rules’’ are: 


1. Addition rule 

Add the digits comprising a given atomic number; 
keep adding the digits of the new sum, if it is more 
than 10 (excepting rare earth elements after 63), until 
the final sum is a single figure. 


2. Correspondence rule 
If the final figure obtained is unlike the given atomic 
number with respect to being odd or even, subtract 1. 


3. Four-differential rule 
With all atomic numbers after 70 add 4 and proceed 


as above. 


4. Rule for atoms before 10 
With all numbers before 10 (except atomic numbers 
1 and 2) subtract 2 from the given atomic number. 


5. Rule for CO-Ni groups 

The corresponding sums 9 and 10 denote the total 
number of electrons in the outer orbits of the Co-Ni 
groups, respectively, hence what can be called the 
group number of these atoms. 


Examples: Determine the maximum valence (electrons in 
outer orbits) of atomic numbers 43, 13, 85, 46, etc. 


43 sum of 4 ++ 3 = 7 
13 sum of l + 3 = 4 


7 and 48 are both odd, hence maxi- 
mum valence is 7. 13 isodd and 
4 is even. They are unlike. 
Therefore subtract 1 and obtain 
valence of 3. 


17 Since this number comes after 70, 
8 first add 4, then add further 
according to rule, get 8 and 85 
which are unlike. Therefore 
subtract 1 and get valence of 7. 


85 sum of 4+ 8+ 5 
1+7 


10 Sum 10 according to rule denotes 
the Ni group, since 10 and 46 
are both even. 


6. Rule for finding the group or subgroup character of a 
given atomic number ~ 

With a few exceptions among the helium and neon 
periods it is found that if the sum of the digits is unlike 
the atomic number with respect to being odd or even 
the atom in question is a subgroup atom belonging on 
the right side of the Periodic Table, whereas if the sum 
of the digits is similar to the atomic number with re- 
spect to being odd or even the atom in question is a 
main-group atom found on the left side of the Periodic 
Table. 

With the rare earths the sum of the digits of the 


46 sum of 4 + 6 


atomic numbers (carried to two figures after 63) equals 
the sum of the electrons in the outermost orbits, namely, 
the 4f + 5d + 6s orbits. Now the 5d + 6s orbits are 
the valence orbits and amount to 3 for all rare earth 
atoms. Hence the 4f orbit for each rare earth atom is 
obtained by subtracting 3 in each case; that is, for 
rare earths, ; 


Sum of atomic digits — 3 = 4f electron number 


Now this admittedly strange result produces the 
question, why should summation of digits of a given 
atomic number indicate the number of electrons in the 
outer orbits of that particular atom? 

A clue to the above may be discovered in the fact 
that the summation process is the same as division by 9. 


Example: Take any given number such as 
173 =1+7+3=11; 1+1=2 


ue = Quotient + R = 2 


Thus the sum of the digits of any given number added 
to a single term is equal to the remainder obtained by 
dividing the given number by 9. Hence adding atomic 
numbers to a single term is equivalent to dividing each 
atomic number by 9. 

The important thing is that this correspondence be- 
tween remainders and sums of digits occurs only with 9 
as a divisor or factor in the divisor. If any other divisor 
is used there is no such correspondence. Further, the 
Co-Ni groups and rare earths after 63 conform with the 
rule if the quotient is put at one less than the arithmeti- 
cal value. Thus, Rh has 9 outer electrons. 


Example: 


ey ee eee 
9g 


We have here what may be called ‘‘an atomic number 
puzzle.’’ It would be interesting to have your readers’ 
solution. 

NATHAN PorITz 

THE PANAMA CANAL 

WASHINGTON, D. C. 

To the Editor: 

While you are correcting an interpretation of the 
first order reaction law might it not be well to correct 
an even more flagrant misstatement of fundamental 
principle that appears on p. 176 of the April issue? 
One reads: 

“The /-sugars are the mirror images of the d-sugars 
(but not necessarily of opposite rotation).”’ 

Apparently the author is confusing the point that 
all members of the d-series are not necessarily dextro- 
rotatory. Enantiomorphs, even in sugar chemistry, 
still have rotations that are equal in magnitude but of 
opposite sign. 

M. L. WOLFROM 


Tue On10 STATE UNIVERSITY 
Co.umBus, OnIO 
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The Law of Multiple Proportions 


GLEN WAKEHAM 
University of Colorado, Boulder, Colorado 


—*: of the less gracious tricks for confounding a 
bumptious graduate student is to fire the law of 
multiple proportions at him. Sometimes he will be 
able to recite the law in parrot-like fashion; but if 
confronted with an illustrative problem he is likely to 
begin to fiddle around with atomic weights and val- 
ences, confessing his ignorance of the fundamental 
relationship between facts, laws, and theories. The 
law of multiple proportions covers a wide range of facts 
and is independent of the atomic or any other theory. 
Classically, it was considered as the most convincing 
confirmation of the atomic theory, and its discovery, 
or anticipation, as one of Dalton’s most notable con- 
tributions to chemistry. 

The unlucky graduate student who finds himself 
suddenly floored by a deceptively simple question is 
not to be altogether blamed for the accident. The 
writer has heard several experienced teachers ask, 
‘“‘What’s the use of the law, anyway?’ One recently 
published text passes it off as a ‘‘mere generalization,” 
as if other scientific laws were not generalizations. 
There are important texts which ignore the law alto- 
gether. 

The chief reason for this neglect is probably the 
author’s haste to get on to the theory of atomic struc- 
ture which, being more fundamental, automatically 
takes care of classical atomism. Students easily learn 
to draw ‘‘bored atoms,” quite mechanically, with the 
aid of the Periodic Chart, and think that they have 
achieved a profound knowledge of ultimate chemistry. 
They cannot guess that they are missing entirely the 
historical philosophy of chemistry, some idea of which 
should be a prime objective of every elementary chem- 
istry course. 

The law of definite proportions is, of course, the 
foundation of Dalton’s quantitative atomic theory. 
As originally conceived, it envisaged only one way in 
which atoms of different kinds could unite with one 
another. But Dalton, although not distinguished 
for detailed chemical knowledge, was aware of the 
existence of, for example, two compounds of hydrogen 
and carbon. He had hardly formulated his theory 
when he perceived that if it was to stand, it must 
account for such cases, and that if different numbers 
of atoms of one kind could unite with one or the same 
number of atoms of another kind, the varying weights 
of the one element which combine with a fixed weight 
of the other element must be in a simple, numerical 
relationship to one another. Dalton’s own confirmatory 
experiments were crude; but after the theory was 
published, competent technicians soon supplied abun- 
dant proofs of its validity. The discovery was widely 


recognized as one of the most brilliant triumphs of 
philosophical speculation. 

Let any teacher who thinks the idea to be easy or 
obvious try to get a real comprehension of it into the 
minds of average students. Most of them will under- 
stand, at once, the concept that one atom of A might 
unite with one atom of B, or one atom of A with two 
atoms of B. But why the second weight of B uniting 
with a fixed weight of A should be exactly twice as 
great as the first weight is likely to remain an in- 
comprehensible mystery. © 

In presenting the topic, it is wise to stick to the 
simplest ratios, set forth somewhat as follows: 


Copper Oxygen 
Black oxide of copper 4g.+ 1g.=4 _ 1 
Red oxide of copper 8g. +1lg =8 2 
The ratio 4:8 obviously reduces to 1:2. If the black 
oxide is CuO, the red oxide must be Cu.O. If some 


student asks why it couldn’t be CuO and CuOs, thank 
your lucky stars for one mind in the class! 

Proceed to the familiar oxides of sulfur, using, this 
time, percentages: 


Oxygen Sulfur 
50% + 50% = 1 2 


Lower oxide of sulfur: =1 _ 
60% + 40% =1/. 3 


Higher oxide of sulfur: 


Two difficulties arise here: it is hard for some students 
to see that dividing the percentages of one element 
by those of the other gives the weights of the first 
element which will unite with unit weight of the other; 
also—owing to inadequate arithmetical instruction— 
many students will not see that 1:11/2 equals 2:3— 
still less the necessity, for the purpose of confirming 
atomic theory, of reducing 1: 11/2 to an integral ratio, 
to make it match the concept of discrete atoms. The 
class may now be told that the atom of sulfur is believed 
to be twice as heavy as the atom of oxygen, from which 
assumption the correct molecular formulas can be 
derived. This is best accomplished by the cut-and-try 
method, as the analysis of such a problem is beyond 
most high-school classes.- Other easy ratios are the 
sulfides of copper, using integral atomic weights, and 
the oxides of arsenic. Ambitious students may be 
given the data for longer series, such as the oxides of 
nitrogen, and allowed to discover that the quotients 
obtained may be the reciprocals of whole numbers. 
The important thing is to get them to see that the law 
is independent of atomic theory, as it is a “mere 
generalization” based upon facts; but that it is satis- 
factorily explained by the atomic theory, and is conse- 
quently an important confirmation of the atomic theory. 
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June, 1945 


Most teachers hesitate to use the once universally 
employed reduction of the oxides of copper in a current 
of hydrogen as an illustrative experiment, because of 
the possibility of an explosion. The writer has per- 
mitted many thousands of students, in Germany, 
England, and America to carry it out, with never a 
serious accident. The reduction of potassium per- 
chlorate and chlorate by mere heating can be used; 
but is more difficult to explain on account of the ternary 
composition of the salts. 

One interpretation of the classical maxim, repetitio 
mater studiorum est, is the hope that if a principle is 
illustrated by a sufficient number of exercises, some 
comprehension of its significance will ultimately dawn 
in the student’s mind. The educive nature of the 
educational process has often been emphasized: educa- 
tion can only draw out, or stimulate into action, po- 
tential powers already present. But if there is nothing 
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there—you can tickle a turnip al! day, but it will never 
laugh. 

The law of multiple proportions was a crucial step 
in the development of classical atomic theory which 
dominated 19th-century chemistry. In this era of 
electrons, protons, neutrons, positrons, negatrons, 
neutrettos, neutrinos, etc., atoms seem to be going out 
of style, particularly in the minds and methods of 
elementary chemistry teachers. Two points might be 
emphasized: No adequate philosophical concept of 
the development of the science of chemistry can be 
obtained without a thorough treatment of classical 
atomic theory; and, nearly all of the practical applica- 
tions of chemistry—almost infinite in number and va- 
riety—are still based upon the lumpy old Daltonic 
atoms. And the law of multiple proportions was the 
discovery which carried the day in favor of the greatest 
and most useful of all chemical theories. 


in the Electronic Theory 


of Acids and Bases 


INTRODUCTION 


HE exact relationship of the Brénsted and Lewis 
theories of acids and bases has not yet been fully 
clarified. In view of the fact that there appears to be 
a tendency to imply a nonexistent antagonism between 
the two theories, it seems advisable at this time to 
give a full explanation of their relation to each other. 
To followers of Lewis, it is obvious that there is no 
conflict between the two theories. Lewis himself in 
the first statement of his theory (1) pointed out that 
the electronic theory of acids and bases includes as 
special cases both the proton-donor and the solvent- 
system theories. This has been restated several 
times since then (2, 3, 4). Yet it must be admitted 
that there is some ground for confusion. It is not 
sufficient to say that since all acids are electron-pair 
acceptors, the proton as a powerful electron-pair ac- 
ceptor is a special case among all the substances which 
show similar activity toward bases. 
The adherents of the Lewis theory should be able 
to demonstrate exactly how the type equation of the 
Bronsted theory fits into the broader picture. This 


paper represents an attempt to do just that. 
‘ 


HYDROGEN ACIDS 


The four experimental criteria upon which the 


W. F. LUDER 


Northeastern University, Boston, Massachusetts 


electronic theory of acids and bases is founded are (5): 


I Neutralization 
II Titration with Indicators 
III Displacement 
IV Catalysis 


The theoretical explanation (1, 2, 3, 4) of this experi- 
mental behavior is that an acid is capable of accepting 
a share in a lone electron-pair from a base to form a 
coordinate bond. A base donates a share in a lone 
electron-pair to the acid. The formation of the co- 
ordinate bond is the important step in all neutralization 
reactions: 


H+! + :0:H-! —> H:0:H (1) 
:O: :O: 
:0:S + :0:H —— :0:8:0:H (2) 
3s H 303 H 
:Cl: H :Cl:H ; 
:C1:B + :N:H — :Cl:B:N:H (3) 
:GE H :<Ci 
acid base 
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In some cases formation of the coordinate bond is 
followed by ionization so that the product is a salt. 
For example, the compound C;H;N:AlBr; seems to 
be a typical salt. Both pyridine and aluminum bro- 
mide are covalent compounds. When they are mixed, 
the white precipitate appears to have all the charac- 
teristics of a salt. The electrical stress produced by 
the formation of the coordinate bond must result in the 
ionization of at least one of the bromine atoms: 


:Br: ‘Br: 
:Br:Al + :N Wz —— :Br:Al: N Wy 
f :Br: ‘or? 
acid base 


[+B +t 
£ Ree os | tant 
nd Br: + | Al: NL 2p (4) 


Br: 


In other cases, the formation of the coordinate bond 
and the resulting ionization must be regarded as 
simultaneous. A few years ago, when the “hydrogen 
bridge’’ was regarded as involving 2-covalent hydrogen, 
the reaction between hydrogen chloride and water 
might have been written to correspond with equation 


(4): 


H:0: + H:Cl: —— H:0:H:Cl: — H:0:H* te :Cl:72 
H i, H H 
base acid 


(5) 


The existence of the hypothetical intermediate addition 
compound in which the hydrogen bridge between the 
hydrogen chloride and water molecules involves 2- 
covalent hydrogen is now regarded as unlikely. Prob- 
ably it would be better to represent the formation of 
the coordinate bond as taking place simultaneously 
with ionization as follows: 


H:0: + H:Cl: ——~> H:0:Ht! + :Cl:7! (6) 
H H 
base acid 


This is exactly the same as the Brénsted theory pictures 
such a reaction. To designate acids which owe their 
acidity to the proton, Lewis suggested the term hy- 
drogen acid. 

This is only one example of the many which could 
be given to show that the electronic theory of acids and 
bases includes the proton theory as a special case. The 
simultaneous ceordination and ionization pictured by 
the Lewis theory is equivalent to the proton-transfer 
mechanism of the Brénsted theory. How, then, is it 
possible to maintain that hydrogen acids need special 
consideration in the Lewis terminology? 

Apparently the explanation of the confusion lies in 
the fact that the Brénsted theory as ordinarily pre- 
sented is confined to only one of the four experimental 
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criteria of acid-base behavior: namely, displacement. 


DISPLACEMENT 


The type equation of the Brénsted theory actually 
represents the displacement of a weaker base by a 
stronger one: 


HCl + HOH —— H;0*! + Cl"! (7) 
acid; basee acid, base; 


The chloride ion is a very weak base combined with a 
strong acid (the proton) to form hydrogen chloride. 
In this reaction, a stronger base, water, has displaced 
the weaker base, chloride ion, from its combination 
with the proton. For every such displacement re- 
action (or competition of bases for the proton) there 
exists an equilibrium constant. Therefore, the extent 
of the reaction depends upon concentration as well as 
the relative ‘‘strength” of the two bases. For example, 
even weak bases such as ammonia or acetate ion will 
displace a strong base (the hydroxyl ion) from water 
to some extent: 


NH; + HOH = NH,*t! + OH7! (8) 
base; acids acid; base, 
OAc! + HOH @ HOAc + OH™! (9) 


For both displacemerit reactions, the equilibrium point 
ordinarily lies far to the left. 

It is this undue emphasis of the Brénsted theory upon 
displacement which seems to be responsible for the 
idea that hydrogen acids need special consideration. 
Displacement is only one of the four ‘‘phenomeno- 
logical criteria’ of acids and bases. Yet some writers 
on the Brénsted theory have emphasized it so strongly 
as to give the impression that the other three—even 
neutralization—are inconsequential. 

In order to show that special treatment is unnecessary 
for hydrogen acids, we need only demonstrate that the 
displacement reaction represented by the typical 
Brénsted equation is not unique. The same kind of 
reaction may take place between many other acids 
and bases. A detailed consideration of one example 
should be sufficient illustration. When the addition 
compound formed by the neutralization of boron 
trichloride and acetone is added to pyridine, displace- 
ment of the weaker base (acetone) by the stronger 
base (pyridine) takes place (5). This reaction is 
exactly analogous to the displacement of the weakly 
basic chloride ion from combination with the proton 
when hydrogen chloride is added to water: 


in :Cl: eas ea 10h: aa 
:C1:B 1922C + a :CI:B:N . 2p + 
:C1: = NCHS :Cl: 
acid, base acide 
CH; 
:0::¢ (10) 
\cH: 
base; 
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H:Cl: + :0:H —» H:0:H*+! + :Cl:-! (11) 
H H 
acid, base acids base; 


Both boron trichloride and the proton are primary 
acids (5) which, to form the acid; compounds shown 
above, have been neutralized by the weak bases acetone 
and chloride ion, respectively. However, in both cases 
stronger bases are able to displace the weaker ones from 
combination with the two acids. All four acids (in 
both equations) are secondary acids (5). 

Many more examples of displacement reactions of 
exactly the same type could be given. Some of them 
are responsible for basic catalysis and have been dealt 
with previously (4, 6, 7). One familiar example is 
interesting since it has been the subject of some mis- 
understanding : 


Ag(NH;)2*! + OH~!——> AgOH + 2NH; 
acid, base, acid, base; 


(12) 


The silver ion is a fairly strong acid which will combine 
with many bases including ammonia and hydroxyl 
ion. The reaction represented by the above equation 
is analogous to any Brénsted type equation, for 
example: 


NH,*t! + OH-!——> HOH + NH; (13) 


acid, base, acide base; 


A number of statements appear in the literature to the 
effect that ‘‘in dilute aqueous solution silver ions do 
not combine with hydroxyl ions . . . whereas they do 
combine with ammonia.” In view of the fact that the 
solubility product for silver hydroxide and the in- 
stability constant for the ammonia complex are, re- 
spectively, 2 X 10-8 and 6 X 107° it is difficult to 
understand how such statements ever came to be made. 
Silver ions and ammonia molecules combine until 
equilibrium is reached when their concentrations are 
low. Silver ions and hydroxyl ions also combine until 
equilibrium is reached when the concentrations of both 
ions are low. If the two ions have been added in 
equal amounts, equilibrium is attained when each 
has a concentration equal to 1.4 X 10-‘ M. Now if 
in the other solution, the concentrations of ammonia 
and silver ion in equilibrium with the complex ion are 
adjusted to have comparable molarities, 7. e., 1.4 X 
10-4 M, the concentration of the complex is 0.47 X 
10-4 M. In such a solution, only about one-fourth of 
the silver ions have combined to form the complex! 
Thus under comparable conditions, a large proportion 
of the silver ions do not combine with ammonia mole- 
cules. 

Perhaps the cause of the misunderstanding lies in 
the method by which we are accustomed to observe 
the preparation of the silver-ammonia complex. When 
we add excess ammonia solution to silver nitrate solu- 
tion,. the initial precipitate dissolves, forming the 
complex ion. This apparently means that’ ammonia 
is a much stronger base toward silver ion. than is 
hydroxyl ion. But we must remember that the silver 
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When the first 
few drops of ammonia solution are added, the ammonia 
is so dilute that it is largely ionized to form hydroxyl 
ions which coordinate* with the silver ions to form the 


hydroxide precipitate is formed first. 


hydroxide. But by the time the precipitate is com- 
pletely dissolved, the amount of ammonia added is 
enough so that if the silver ions were not present, the 
concentration of NH; would be roughly 100 times the 
concentration of OH ion. Actually if eoncentrated 
sodium hydroxide solution is now added to the solu- 
tion, the ammonia is displaced and the precipitate 
returns! This is what one would expect when mass 
action effects are taken into account. The effects 
observed are similar whether the acid is the proton or 
the silver ion. The displacement of one base by 
another depends not only upon their relative strength, 
but upon concentration factors also. 

An idea of the relative basic strengths of ammonia 
and hydroxyl ions toward silver ion, can be obtained 
from equation (12). The equilibrium constant. for 
equation (12) is: 


(NHs]? 


~ [Ag(NH:)2"] X [OH—*] (14) 





K 


which may be evaluated by combining: 


[Agt#] x [NH]? 


= OC 10-8 
[Ag(NHs)2*] st 


with 

[Ag*!] x [OH-!] = 2 x 1078 
We see that the constant has a value of 3, indicating 
that ammonia is about as strong a base as hydroxyl 
ion toward silver ion. 

It is worth while noting at this point that in equations 
(10), (12), and (13) the acid; and acid; compounds 
are amphoteric in exactly the same sense. The addi- 
tion compounds of boron trichloride with acetone and 
with pyridine are amphoteric because they contain 
both acidic and basic constituents. They can react 
both ways because stronger bases will displace the 
weaker bases and stronger acids will displace the boron 
trichloride. In the same way, silver hydroxide in equa- 
tion (12) and water in equation (43) are also ampho- 
teric. They appear as acids in these equations, but 
both may act as bases because of the presence of the 
hydroxyl group. It is obvious that the terms ‘‘acid’’ 
and ‘‘base’’ are not absolute but relative terms to be used 
with reference to a particular reaction. 

One more point about the role of displacement in the 
two theories should be discussed. Not only does the 
Bronsted theory overemphasize displacement at the 





* Since silver hydroxide actually appears as silver oxide when 
attempts are made to isolate it, we can not be positive that a 
coordinate bond is formed between silver and hydroxyl ions. 
However, there are two reasons for believing that one is formed: 
(1) Other hydroxides of similar nature (small positive ion) are 
often not ionic even in the solid state. (2) Silver iodide does 
not crystallize into an ionic lattice, although the chloride and 
bromide do. 
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expense of the other experimental criteria, but it con- 
siders only one kind of displacement: namely, the 
displacement of one base by a stronger one. This is 
true because it admits of only one primary acid, the 
proton. The other kind of displacement seems equally 
important in chemistry, 7. e., the displacement of one 
acid by a stronger one. One example should be suffi- 
cient illustration : 


SiO. + NaeCO; <_< NaeSiO; + CO, 
acid, base, base; acids 


The silicon dioxide displaces the weaker carbon dioxide 
from combination with the base sodium oxide. 


THE RELATIONSHIP BETWEEN A/B AND O/R REACTIONS 


In one other respect at least, the limited nature of 
the Bronsted theory has led to confusion. There is 
a formal analogy between hydrogen acids as proton- 
donors and reducing agents as electron-donors. This 
implies an actual relationship between acids and re- 
ducing agents which does not exist. When their 
experimental properties are considered in the light 
of the Lewis theory (8) it is evident that both acids 
and oxidizing agents are electrophilic: i. e., acids accept 
a share in a lone electron-pair while oxidizing agents 
gain electrons outright. Conversely bases and re- 
ducing agents are electrodotic (8). 

Since this relationship has been presented in TuIs 
JouRNAL previously (8) only one point need be made in 
connection with the subject of this paper. As men- 
tioned in the preceding section, amphoteric behavior 
is implicit im both the Brénsted and Lewis theories 
of acids and bases. For example, water behaves as 
a base toward acetic acid, but as an acid toward am- 
monia. Water is amphoteric in the usual sense, but 
it may also act either as an oxidizing agent or a re- 
ducing agent. It oxidizes metallic sodium, but reduces 
fluorine. Evidently, an extension of the meaning of 
the word “amphoteric’”’ is necessary to include the idea 
of the relativity of oxidizing and reducing agents as 
well as acids and bases (Table 1). 


TABLE 1 
AMPHOTERIC BEHAVIOR OF WATER 
Electrophilic 
HOH + NH; —— OH! + NH,?t! 
acid 
2HOH + 2Na —— 20H! + 2Nat! + He 
oxidant 
Electrodotic 
HOH + SO, —— Ht! + HSO;7! 
base 
2HOH + 2F. —— 4H?! + 4F-! + O, 
reductant 


Obviously the terms electrophilic and electrodotic 
are no more absolute than the terms acid and base. 
They apply to given substances only as they are 
reacting in a particular chemical reaction. Many other 
substances besides water can behave in all four ways 
(acid, base, oxidant, or reductant) depending upon the 
other substances involved. A few examples not pre- 
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viously mentioned will be discussed here. Hydrogen 
chloride is ordinarily thought of as a strong acid, but 
it behaves as a base toward sulfur trioxide or stannic 
chloride (2). On the other hand, hydrogen chloride 
is an oxidizing agent toward active metals, but a re- 
ducing agent toward strong oxidizing agents such as 
permanganate. Hydroquinone is similar to water and 
hydrogen chloride in its amphoteric behavior. It can 
behave both as an acid and an oxidizing agent toward 
bases and reducing agents because of the presence of the 
labile protons. Or it may act both as a base and a 
reducing agent (particularly in water) because of the 
hydroquinone ion. Hydroquinone ion is readily oxi- 
dized to quinone. The familiar reactions of the closely 
related quinone again illustrate the need for an exten- 
sion of our ideas of amphoteric behavior. Quinone as 
an oxidizing agent is electrophilic, but as a base, it is 
electrodotic. Stannous ion, as far as its more familiar 
reactions are concerned, is amphoteric in oxidation- 
reduction reactions, but not in general to be thought 
of as amphoteric in acid-base reactions (one would 
expect its basic properties to be extremely weak). 

These examples should be sufficient to illustrate the 
necessity of eradicating from our minds the idea that 
very many substances can be classified arbitrarily as 
electrophilic or electrodotic. The terms are very 
useful, but we must not forget that they are relative 
terms applying to a substance only as it behaves in the 
particular reaction under consideration. 

This relativity in terminology is unavoidable. 
Whether we like it or not, we must accept a certain 
amount of relativity in chemistry as well as in physics! 


CONCLUSION 


1. No conflict exists between the Brénsted and 
Lewis theories of acids and bases, because the electronic 
theory includes hydrogen acids in such a way that no 
special treatment of them is required. 

2. The typical equation of the Brénsted theory 
represents only one of the four experimental criteria 
upon which the Lewis theory is based. 

3. Amphoteric behavior is implicit in both theories, 
but is more widespread than indicated even by the 
Lewis theory. Many substances may be electrophilic 
(acids or oxidants) in some reactions, but electrodotic 
(bases or reductants) in other reactions. The terms 
electrophilic and electrodotic are relative and should 
be used only with a particular reaction in mind. 
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NEW ENGLAND ASSOCIATION 
of CHEMISTRY TEACHERS 


Illustration of the Gas Laws 


A Dynamic Model for Statistical Phenomena’ 


BERNARD A. FIEKERS, S.J. and GARDINER S. GIBSON, S.J. 
College of the Holy Cross, Worcester, Massachusetts 


PRIMITIVE illustration of gas kinetics can be 
presented by placing a simple wooden frame on the 
lecture desk, introducing a few dozen agates or steel 
spheres into its enclosure, and vibrating the frame by 
hand so that all points on it rapidly describe small cir- 
cles in a horizontal plane. Soon these “molecules” 
roll in rapid motion over the desk within the enclosure, 
colliding with one another and bombarding the en- 
closure’s walls to give the effect of continuous pressure. 
Such a model is not novel in the literature of chem- 
istry and physics. Wulf? summarizes earlier work, 
actuates such a model mechanically, and uses it for 
quantitative and semiquantitative illustrations of stat- 
istical phenomena. Lely* actuates a somewhat differ- 
ent model in a vertical plane by means of a tuning fork 
and casts the action onto a screen. Hildebrand* men- 
tions the use of a box of tennis balls, also of sausage- 
shaped balloons and of gelatin spheres? for illustrating 
order and disorder in liquids. Arenson® illustrates 
frequency of wall collision for a particle by dropping a 
steel bearing on a glass disc, and, as it bounces, by 
bringing up a glass plate, that is held parallel to the 
disc, ever closer, so that the sphere shuttles between the 
two plates. One hears of other models from time to 
time, such as those seen at expositions and in science 
museums; but there is good reason to suspect that they 
have not been recorded or that details for their con- 
struction are buried under other considerations in the 
literature. 
The model here presented is an accessory to a vertical 





1 Delivered before the Seminar in Physical Chemistry at Clark 
University on December 22, 1943; before the Worcester Chemists’ 
Club at the College of the Holy Cross on January 27, 1944, in 
Worcester, Massachusetts; and before the Sixth Summer Con- 
ference of the New England Association of Chemistry Teachers, 
held at Connecticut College, New London, Connecticut, August 
24-28, 1944. 

2 Wutr, T., “Eine Vervollkommnung des Modells zur kinetis- 
chen Gastheorie,’’ Z. physik. chem. Unterricht, 34, 5 (1921). 

3 Ley, U. P., “Gasmodellen,” Nederland Tijdschr. Natuur- 
kunde, 20, 241 (1935). 

4 HILDEBRAND, J. H., ‘“‘Order and disorder in pure liquids and 
solutions,’’ Science, 90, 2 (1939). 

5 Ibid., p. 4. ‘ 

6 ARENSON, S. B., ‘Lecture demonstrations in general chem- 
istry,’’ J. Cuem. Epuc., 18, 169 (1941). 
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projector. In other respects it is based largely on that 
of Wulf. In its design, certain quantitative features of 
the Wulf model have been neglected in favor of qualita- 
tive features that were dictated by the convenience of 
projection and the expanded needs of wartime curricula. 
The following points are listed in order to bring out the 
cardinal features of the newer model: 

1. The older instrument has been adapted to class- 
room projection and to lectures before large audiences. 

2. Inthe newer model, more than one frame is used. 
Each frame is designed to illustrate a definite set of 
statistical phenomena. 

3. Each frame can be clamped to a vibrating device 
interchangeably. 

4. Phenomena, capable of qualitative illustration 
with the earlier model, but not listed by Wulf, are illus- 
trated with this device. The semipermeable membrane, 
the liquid and the solid states of matter are examples 
of such illustrations. 

5. Further, the use of a projector makes it possible 
to illustrate distribution of velocity directly. 

6. The use of transparent plastic frames allows only 
the essentials (walls and particles) to be silhouetted on 
the screen. Thus the design is calculated to concentrate 
the observer’s attention on the phenomena illustrated 
and not on the apparatus. 


APPARATUS * 


The accessory consists of interchangeable frames 
(Figure 1) and vibrator (Figure 2); the assembly 
(Figure 3), of vertical projector and accessory. Besides 
these, there are required a leveling board, a projection 
screen, and a glass plate to be placed over the hori- 
zontal stage of the projector. This plate prevents the 
rolling spheres from dulling the lens on the stage. 

One of the 5 X 7'/:-inch frames, with enclosure cut 
out (Figure 1), is attached to the jaws of the vibrator 
as shown by the dotted line (Figure 2) and adjustments 
are made to keep the frame about !/; inch above the 
stage. The inner walls of the frames are lined with 
rubber. 

The vibrator consists of a plastic plate kept in a 
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(a) (b) (c) 
4 
FIGURE 1.—KINETIC FRAMES FOR INTERCHANGEABLE ATTACH- 
MENT TO VIBRATOR. 








(a) FRAME FOR GENERAL ILLUSTRATIONS: KINETIC Pic- 
TURE, BROWNIAN MOVEMENT, ETC. 

(6) FRAME FOR EQUILIBRIUM AND THE SECOND LAW OF 
THERMODYNAMICS ILLUSTRATIONS. 

(c) Ovat FRAME WITH PISTON ATTACHED, FOR ILLUSTRA- 
TING THE LIQUID AND SOLID STATES, THE LAWS OF BOYLE AND 
PARTIAL PRESSURES. WHEN THE PISTON IS REMOVED AND A 
BripGE Is ATTACHED, THE FUNCTION OF THE SEMIPERMEABLE 
MEMBRANE CAN BE ILLUSTRATED. 


horizontal plane by means of vertical supports at three 
corners of a scalene triangle. An eccentric driving pin 
from the chuck of the motor through a bearing in the 
plate provides one of these supports. Through two 
holes drilled in the plate nearer the longer upright of the 
stand, '/s-inch iron ,rod supports are received. The 
plate is held on these by means of rubber-cushioned 
collars above and below the holes. Lower down, the 


supports themselves are attached to the horizontal bar ° 


from the motor between the two uprights of the stand 
by means of clamp fasteners with receiving grooves on 
opposite sides of this bar. At one end of the plate thus 
supported, a plastic clamp is constructed to receive the 
frames interchangeably as shown. Tension is adjusted 


° 


4 





FiGURE 3.—ASSEMBLED KINETIC ILLUSTRATOR 
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FIGURE 2.—DIAGRAM OF THE KINETIC VIBRATOR. FRAMES 
ARE ATTACHED IN A HORIZONTAL PLANE ALONG THE DOTTED 
LINE. 





by means of a horizontal bar pressing against one of the 
vertical supports below the plate. The bar is attached 
by means of a clamp fastener to the longer upright. 

A lightweight stirring motor of variable speed suf- 
fices as a source of vibration. This takes a vertical 
position between the shorter upright and the stage 
(Figure 3), with chuck on top and speed control knob 
at the bottom. It is rigidly attached to the uprights 
of the stand at two points along its horizontal support. 
A pair of washers put over the shaft between the chuck 
and the housing serves as a vertical thrust bearing by 
which the rotor is suspended in the housing. This may 
be necessary because many motors are not designed for 
vertical use with chuck on top. For general use !/s-inch 
eccentricity in the motor drive gives a satisfactory 
showing. 

An important dimension in the accessory is that of 
the cuts for the enclosures in the frames. They should 
have diameters of about 3 inches, comparable in size to 
31/, X 41/,-inch lantern slides. Other dimensions are 
preferably adapted to this one. The base of the vibra- 
tor should be heavy. In a given illustration high speed 
may be in order and this base should be able to with- 
stand any extraordinary vibration developed. A good 
assortment of bicycle ball bearings, from 5/32 to 5/,5-inch 
diameter, provides spheres for the illustrations. Sheets 
of flexible thin transparent plastic of the same pattern 
as the frame, with enclosures, however, not cut out, are 
sometimes required to keep the spheres from jumping 
the enclosure. Such a sheet is clamped with the frame 
to the vibrator or permanently attached to the frames. 
A permanent magnet also is handy for transferring 
spheres to and from the enclosures. 

Many illustrations are possible; some provide oc- 
casion for discussing related phenomena that defy 
illustration. A simple round or oval enclosure (Figure 
1a) is used for illustrating: (1) the “kinetic picture’; 
(2) Charles’s law; (3) the Brownian movement; (4) 
velocity distribution; (5) kinetic energy. The function 
of a semipermeable membrane in osmosis is illustrated 
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by constructing a rubber-sheathed bridge across the 
middle of an oval enclosure (Figure 1c) and using spheres 
small enough to pass under the bridge as “‘solvent 
particles” on one side of it, along with larger spheres 
that will hit the bridge and thus be confined to the 
compartment on the other side as “solute particles.” 
The same oval enclosure, with the bridge removed, and 
provided with a rubber-sheathed piston head, that is 
guided by a rod which passes through a groove in the 
vibrator jaws, is used for illustrations of: (1) the solid 
state; (2) the liquid state; (3) the law of partial pres- 
sures; (4) Boyle’s law. The piston rod and head are 
constructed of straps of tinned sheet iron. A third set 
of phenomena is illustrated by means of another frame 
(Figure 1b) in which the compartments are separated by 
a fence with an opening in the center that allows the 
passage of one particle. These illustrations are: (1) 
mechanical analogy for chemical equilibrium; (2) 
kinetic aspects of the second law of thermodynamics. 

It is not difficult to adjust and level the assembly. 
The frame for illustrating equilibrium (Figure 1) is 
clamped to the vibrator in position over the stage of the 
projector. The vibrator is then moved up and down 
on its stand until the frame can swing freely about 1/3 
inch above the stage of the projector. It is then brought 
parallel to the stage by adjusting the iron rod uprights 
at their point of attachment to the bar of the motor. 
Settings are relaxed somewhat, and while the motor 
drive is being turned manually they are taken up again. 
The vibrator should then start spontaneously when the 
motor is cut in. 

The assembly is leveled as follows: About a dozen 
and a half */,.-inch spheres are placed in the enclosure. 
The motor is driven at a reasonable speed and allowed 
to run for a while. On stopping it, a count is taken for 
the distribution of spheres in the two compartments. 
Levels are adjusted and the procedure is repeated until 
the average over many such runs results in equal count 
in the compartments. This method may not give the 
trué level, but the assembly will be practically ready for 
the illustrations. 

In general it is best to experiment in order to find the 
speed of the motor that is natural to the design of the 
accessory. Normally the speed can be maintained at 
this point and then only varied according to the re- 
quirements of a given illustration. Practice soon 
teaches the relation between the horizontal tension bar 
and the speed control knob. 

The observer tires of seeing a glaring field in con- 
tinual rapid motion. Thus a highly reflectant screen 
is to be avoided. Experience showed that very white 
slightly glazed Bristol board makes a good screen for 
such projections. It seems best also to limit the field 
on the screen to a diameter of about 2 ft. When a 
Leitz ‘‘Ve” projector having a vertical ‘“Dia-attach- 
ment,” a 500-watt lamp, and newly silvered mirrors 
was used in a dimly lighted hall, the illustrations could 
be followed comfortably at a distance of mere than 20 
yards. 

The design of our attachment is based on the use of 
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such a projector. With newer projector models, cer- 
tain dimensions of the attachment must be altered. 


ILLUSTRATIONS 


The vibration of the frame illustrates the effect of 
heat applied to the walls of a gas container. The energy 
is transferred to the substances that come into contact 
with the walls. Continual vibration from an external 
source serves to replace the loss of energy due to the 
friction between the spheres and the glass plate, along 
with other frictional losses. 


I. In the kinetic picture illustration, the particles wander 
haphazardly’ through space, colliding with one another and with 
the walls. While the illustration is in progress, occasion is given 
to state the fundamentals of the kinetic theory of gases and to 
touch on other topics, such as the size of molecules, their average 
velocities and frequency of collision, the mean free path, the 
kinetic viewpoint of pressure, the ‘‘static’’ volume of the spheres 
as opposed to their “‘dynamic’”’ volume, the forces of attraction 
and of repulsion, and the application of such concepts to nonideal 
gases. 

II. Kinetic temperature is illustrated by varying the speed 
of vibration, since differences of temperature in a gas are due 
to different average velocities of the particles in a given system. 

III. Charles’s Law. A variation in pressure, due to tempera- 
ture change, is here illustrated by the increase or decrease of the 
number of impacts against the walls. This is due to a corre- 
sponding variation in the average velocity of the particles. The 
variation of volume with temperature can be better discussed than 
illustrated. 

IV. A small leather or rubber washer is introduced into the 
enclosure. The Brownian movement is illustrated as the washer 
is being buffeted around in the familiar Brownian pattern by the 
smaller particles. A discussion of the Tyndall effect, relative 
sizes of particles, and Perrin’s confirmation of Avogadro’s Law 
might accompany this illustration. 

V. Distribution of velocities may be observed directly in 
any of these illustrations. Gray streaks on the screen are due 
to the faster moving particles; the slower motion of the larger 
particles makes them appear decidedly darker on the screen. 

VI. Kinetic energy itself is emphasized by introducing a few 
larger particles into the enclosure (from which only the Brownian 
particle has been removed). 

The darker appearance of the larger particles shows that in 
general they move at definitely lower speeds. Their greater 
mass, however, accounts for the way they can compete with the 
smaller ones in maintaining the same over-all kinetic energy. 

VII. The solid state is illustrated by means of the oval frame 
(Figure 1c) with piston attachment. About 12 to 15 of the 3/,6- 
inch spheres are used. The vibration speed is reduced, and the 
piston is brought up so closely that the particles can merely vi- 
brate in the space allotted them without being able to exchange 
places. 

VIII. The liquid state is portrayed by withdrawing the piston 
somewhat and increasing the speed of vibration until a satis- 
factory illustration is produced. The particles now exchange 
places and flow by each other continuously. 

IX. Boyle’s Law is illtistrated by withdrawing the piston 
even farther and increasing the speed of vibration until the gase- 
ous state is again represented. By adjusting the piston at suc- 
cessively different values of ‘‘volume’”’ the frequency of wall 
collision is found to vary inversely with the “‘volume.” De- 
pendence of volume on pressure is then discussed. 

X. The following illustration is effective for teaching the 
Law of Partial Pressures: A few spheres, larger or smaller than 
those already present, are added to the enclosure. This difference 
in size facilitates their identification. The consideration to ac- 
company this iliustration is outlined as follows. 

If these spheres were to be added to a closély packed ideal 
solid or to an ideal liquid, the change would be best described 
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as the addition of volume to volume. When they are added, how- 
ever, to a gaseous sample, there is enough space provided to 
receive them; the volume can be kept constant; and the change 
is best described as an increase in pressure, due to increase in the 
number of impacts against the walls. Naturally, in nonideal 
systems the explanation of the phenomenon becomes increasingly 
complex. To clarify further this concept of the additivity of 
pressure, particles are withdrawn from, and returned to, the 
enclosure alternately, in order to show the resulting additive varia- 
tion in frequency of impacts at the walls (pressure). 

XI. A mechanical analogy to chemical equilibrium is illus- 
trated by attaching the frame with fence and gate cutout (Figure 
1b). At least 15 of the */,.-inch spheres are placed in one of the 
enclosures and the speed is carefully adjusted until the equilibrium 
illustration is produced. This illustration is very sensitive to the 
leveling of the assembly. ’ 

When the particles from the first enclosure start flowing 
through the gate, the system is merely on its way to equilibrium. 
As crowding increases in the other enclosure some of the particles 
return to the first enclosure. Migrations from the first enclosure 
are slowing down but return trips are occurring more frequently. 
There comes a time when the number of exits is more or less 
exactly equal to the number of return trips. From that moment 
on, dynamic equilibrium prevails. 

Other analogies of chemical equilibrium can then be given in 
order to produce familiarity with the concept. Then the ap- 
plication to chemical equilibrium itself can be introduced using 
some reaction that appeals to the senses: for example, esteri- 
fication to produce a fragrant perfume, or some neutralization 
reaction that involves an indicator that can be seen. Returning 
to the original illustration, statistical consideration of the phe- 
nomenon may then be introduced and discussed. 

XII. When these spheres that pass from one compartment to 
the other are considered as a gas sample expanding freely into 
a larger volume, certain kinetic aspects of the second law of themo- 
dynamics are illustrated. 

By this action, a piston could have been moved and work 
thereby done. But in this illustration the energy was squandered. 
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In order to reinstate the original condition of the system, work 
must now be done on it by pushing a piston down into one of the 
compartments and driving the particles back. If the system 
could be restored to its original condition in the most efficient 
way imaginable, a measure of the amount of energy squandered 
could be taken. This most efficient way of restoring the system 
can be calculated. Thus the so-called ‘‘increase in entropy” is 
determined. 

It is conceivable that in the course of time the particles might 
by chance be found all gathered together in one compartment. 
A one-way gate between the compartments might serve to accom- 
plish this. 

But a restoration of the system that is done without the ex- 
penditure of energy is highly improbable of realization. This 
illustration occasions the discussion of the relation of certain 
observed physical laws to probability. 

XIII. The function of the semipermeable membrane may also 
be shown. The piston device is removed from the frame. A 
bridge is attached to the rubber walls at the upper surface of the 
frame. Stage clearance is adjusted carefully so that a °/3:-inch 
bearing can pass under the bridge and a 5/,.-inch bearing must 
strike it. In one compartment, 9 of the larger spheres are used 
and in the other, 18 of the smaller ones. Speed is adjusted so 
that a good osmosis phenomenon is produced. Thus it will be 
noticed that pressure is apparently built up in one compartment 
at the expense of the other. This illustration shows how osmosis 
might take place according to a commonly proposed but doubt- 
lessly oversimplified mechanism, 
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RECENT BOOKS 


PROcESS EQUIPMENT Desicn. Herman C. Hesse, Professor of 
Engineering Drawing and Design, and John Henry Rushton, 
Professor of Chemical Engineering, University of Virginia. 
D. Van Nostrand Company, Inc., New York, 1945. vii + 580 
pp. 451 figs. 101 tables. 15 X 23 cm. Trade edition 
$7.50. Textbook edition $6.00. 


This is an unusual book in many respects. It is unusually 
good in part and unusually bad in part. In so far as the present 
reviewer is aware, this is the first occasion on which a professor 
of engineering drawing and design, and a professor of chemical 
engineering have joined in producing a textbook on design of 
process equipment. Considering the fact that very few chemical 
engineers, particularly those occupied in teaching, can design 
anything structurally more elaborate than a chicken coop, one 
may rejoice to note that at least one professor of chemical engi- 
neering has concerned himself with the design of process equip- 
ment. It must be said, however, that one might peruse the book 
here under review without knowing at once that a chemical engi- 
neer had been concerned in its production. A list of the chapter 
headings will perhaps give point to this assertion. They are: 


1. Materials of Construction 

2. Mechanical Properties and Strength of Materials 
3. Riveted Pressure Vessels 

4. Welded Pressure Vessels 

5. Mechanics 

6. Threaded Fasteners and Combined Stresses 
7. Structural Analysis 

8. Trusses and Truss Adaptations 

9. Piping 

10. Attachments and Closures 

11. Nonferrous Construction 

12. Concrete Construction 

13. Wood and Other Nonmetallic Construction 
14. Belt and Chain Drives 

15. Toothed Gearing 

16. Shafting and Bearings 

17. Handling Equipment and Mechanical Frames 
18. Special Stress Applications 


The chapter on materials of construction barely introduces the 
subject. One would expect a chemical engineer to devote more 
than six lines to carbon and a dozen lines to plastics. Chapter 2 
is likewise a nibble at the subject. The authors remark in their 
preface that “‘for college curricula, in which courses in mechanics 
and strength of materials are taught prior to the design course, 
Chapters 1, 2, and 5 may be omitted or used for review.”’ If they 
are not intended for review, it is not evident what purpose these 
chapters may serve. 

Chapters 3 and 4 are good as far as they go, which isn’t very far, 
considering the importance of pressure vessels as process equip- 
ment. Chapter 5, on mechanics, is a brief review of some of the 
topics ordinarily covered in a course in mechanics. Chapter 6 
lightly hits the high spots, and Chapter 7 is a brief chapter with 
a big name. A chemical engineer who undertakes to design 
trusses on the basis of Chapter 8 cannot be accused of lack of 
courage. 

The chapter on piping is a very good.introduction to the sub- 
ject. That on attachments and closures covers some of the 
simpler types. In the chapter on nonferrous construction one 
wishes that the chemical engineer had had more to say. Chap- 
ter 12, onconcrete construction, is a gay little review of plain and 
reinforced concrete construction, or, rather, a few topics in this 
field. 

It is not evident that the chemical engineer was present when 
Chapter 13 on wood and other nonmetallic construction was writ- 
ten. He wasn’t needed when Chapter 14 on belt and chain 


drives was written, and no mechanical engineer would ever let 


any other kind of an engineer share in the joy of writing about 
toothed gearing. Shafting and bearings (Chapter 16) have given 
many a chemical engineer a headache, but the mechanical engi- 
neers claim them as their own. When we reach Chapter 17, 
on handling equipment and mechanical frames, however, we antici- 
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pate that at last the chemical engineer will really go places. 
Not so in the present book. 

And so one comes finally to Chapter 18 on special stress ap- 
plications, still hoping and still doomed to disappointment if his 
quest is for contributions obviously from the hand of a chemical 
engineer. 

Alli that has been said above gives a wrong impression of this 
book as a whole. It is packed with useful information, and 
beautifully illustrated with drawings such as one would expect 
from a professor of engineering drawing and design. The book 
does, however, try to cover too many fields and in places becomes 
superficial. The present reviewer’s chief complaint is that Pro- 
fessor Rushton, who is quite capable of writing on the design of 
process equipment, missed so many opportunities of getting 
chemical engineering into the picture. 

The book carries many useful examples of how to solve prob- 
lems, and a list of problems at the end of each chapter. The book 
is well bound, the type clear, and the text unusually free from 
typographical errors. 

This reviewer, being a chemical engineer, and having long 
complained that chemical engineers do not know how to design 
anything, now expresses the hope that Professor Rushton, hav- 
ing remained so shyly in the background in this venture in the 
world of design, will strike out boldly on his own. 

Harry A. CurtTIS 


UNIVERSITY OF MISSOURI 
CotumsBraA, MISSOURI 


CoLLom CuHemistry (Theoretical and Applied). Coliected and 
edited by Jerome Alexander. Reinhold Publishing Corpora- 
tion, New York, 1944. Vol. V. vi + 1256 pp. Illustrated. 
15 X 23 cm. $20. 

This valuable compendium of the work of many distinguished 
authors, ably edited by Jerome Alexander, is the fifth large 
volume in a series dealing broadly with colloid chemistry and re- 
lated fields. Another will be forthcoming in due course. 

Twenty-five chapters deal with theory and methods while 
thirty-five present biology and medicine. Besides sections by 
the editor such authors as Harkins, McBain, Gerrner, Hickman, 
Mark, Sollner, MacInnes, Sheppard, Eyring, and many others 
contribute to the first part. The case for biology and medicine 
is argued by Elvehjem, Booker, Kamm, Wald, Stanley, Meyerhof, 
Menkin, Loeb, Carlson, Spiegel-Adolf, Jennings, Cannon, and 
other well-known scientists. 

The range of topics is wide, perhaps almost too wide for con- 
sistency, yet every chapter is so useful and interesting that the 
reader will not object. 

Among the chapter headings are Films, Applications of Elec- 
tron Diffraction and X-rays, High Vacuum Distillation, Poly- 
merization, The Vitreous State, Ultrasonic Waves, The Betatron, 
High-Speed ‘Centrifugation, Measurement of Surface Areas, 
Photosynthesis, Plant Cell Membranes Action, The Visual 
Process, Viruses, Genes, Protoplasm, Inflammation, Blood Co- 
agulation, Immunology, Cancer, Infective Aerosols, Lipids, 
Psychiatry, Allergy and Anaphylaxis. 

Some of the chapters are so detailed as to amount to mono- 
graphs, notably the 90-page chapter by Harkins on surface films. 
A chapter by Prebus of 83 pages on the electron microscope is a 
close second while Wanda Farr devotes 57 pages to plant cell 
membranes. Two or three chapters dealing with vitamins, 
minerals, and nutrition offer an excellent treatment of those 
subjects. The reviewer cannot resist the temptation to quote 
Axelrod and Elvehjem. ‘‘In 1937 Lohman and Schuster dem- 
onstrated in a now classic paper that cocarboxylase is the pyro- 
phosphoric acid ester of thiamine. Our present understanding of 
the biological activity of thiamine stems largely from this obser- 
vation.’’ Later, Lela E. Booher states, ‘‘Vitamin E is reported 
to exert a sparing effect on vitamin A, and more so on carotene, 
resulting in improved utilization of vitamin A or carotene for 
growth and vitamin A storage.” 

Lauffer and Stanley include this statement: ‘Langmuir and 
Schaefer found that they were able to adsorb a film of tobacco 
mosaic virus on a surface containing a monolayer of egg albumin. 
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By an interference method they found the thickness of the film 
to be 12.5 mm.” 

The discussion of inflammation by Valy Menkin can well be 
applied to capillary permeability in shock. He compares the 
conflicting theories as to the role of histamine and leukotaxine 
and pronounces in favor of the latter as the effective agent in 
increase of capillary permeability. He describes in detail his 
preparation of leukotaxine and its properties. In such great 
dilution as 1:10,000,000 it shows an appreciable effect on capillary 
permeability. The molecular weight is about 5000. 

Beverly Clarke points out that Goppelsréder began his work 
with spot tests (diffusion rings) as early as 1861. Clarke con- 
siders the more recent Tswett column work as an extension of this 
diffusion ring study. The chapter by MacInnes and Longworth 
on Electrophoretic Study of Proteins is especially clear and help- 
ful. 

Rheology is given theoretical treatment. Hickman records 
the development of his molecular still and its present uses, 
notably the concentration of fish liver oils for the vitamin A 
market. 

It may seem that this volume stresses tools and methods of 
physics but colloid chemists need to consider the possibilities 
of such tools in their own field. 

Alexander and his numerous associates deserve high praise for 
putting into a single large volume a small library of invaluable 
and stimulating information. Scientists in all fields will profit 
by reading it. 

Harry N. HOLMES 


OBERLIN COLLEGE 
OBERLIN, OHIO 


FORMALDEHYDE. J. Frederic Walker, Chemical Research Divi- 
sion, Electrochemicals Department, E. I. du Pont de Nemours 

& Company, Inc., Niagara Falls, New York. Reinhold Pub- 

lishing Corporation, New York, 1945. xii + 398 pp. 28 

figs. 3ltables. 15 X 23cm. $5.50. 

Formaldehyde is Number 98 of the A. C. S. Monograph 
Series. According to the author, ‘‘the growing importance of 
formaldehyde as a commercial chemical, its many unique char- 
acteristics, and its varied applications have created a definite 
need for a systematic and critical account of formaldehyde chem- 
istry.’’ It is the only current book, in the English language, 
which is devoted exclusively to the chemistry of formaldehyde. 

The chapter headings are: Formaldehyde Production (17 
pages), Monomeric Formaldehyde (10), State of Dissolved For- 
maldehyde (11), Commercial Formaldehyde Solution (9), 
Physical Properties of Pure Aqueous Formaldehyde Solution 
(10), Distillation of Formaldehyde Solutions (6), Formaldehyde 
Polymers (38), Chemical Properties of Formaldehyde (15), Re- 
actions of Formaldehyde with Inorganic Agents (21), Reactions 
of Formaldehyde with Aliphatic Hydroxy Compounds and Mer- 
captans (12), Reactions of Formaldehyde with Aldehydes and 
Ketones (12), Reactions of Formaldehyde with Phenols (29), Re- 
actions of Formaldehyde with Carboxylic Acids, Acid Anhydrides, 
Acyl Chlorides, and Esters (8), Reactions of Formaldehyde with 
Amino and Amido Compounds (28), Reactions of Formaldehyde 
with Hydrocarbons and Hydrocarbon Derivatives (17), Detec- 
tion and Estimation of Small Quantities of Formaldehyde (11), 
Quantitative Analysis of Formaldehyde Solutions and Polymers 
(21), Hexamethylenetetramine (26), Uses of Formaldehyde, For- 
maldehyde Polymers, and Hexamethylenetetramine, Part I (16), 
ibid., Part II (55). 

One expects a book of this type to be comprehensive in its 
scope, but a consideration of the discussion on the reaction of 
formaldehyde with the ‘‘nitro-hydrocarbons”’ leaves the reviewer 
with the impression that the survey is lacking in its coverage of 
the field. This book is, nevertheless, indispensable to any 
worker in the field and should be found on the shelves of every 
library. 

Ep. F. DEGERING 


PuRDUE UNIVERSITY 
LAFAYETTE, INDIANA 
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THE FutTuRE OF INDUSTRIAL RESEARCH. Frank A. Howard, 
Vice-President, Standard Oil Company (N. J.), and Presi- 
dent, Standard Oil Development Company; George W. Lewis, 
Director of Aeronautical Research, National Advisory Com- 
mittee for Aeronautics; and Others. Standard Oil Develop- 
ment Company, New York, 1945. viii + 173 pp. 15 X 23 
cm. 

This is a collection of the papers given at the Forum in Octo- 
ber, 1944, sponsored by the Standard Oil Development Com- 
pany on the occasion of its silver anniversary. The general 
subject of the Forum was ‘‘The future of industrial research.” 
Three themes were used: (1) What should be the guiding prin- 
ciples and objectives for the commercial programs of industrial 
research and development organizations? (2) How can small 
business serve itself and be served by industrial research and de- 
velopment? (3) What place should industrial research and de- 
velopment organizations allocate to future work directed pri- 
marily toward national security? 

There are 13 papers presented by outstanding industrial re- 
search men, several of which were published in the News Edition 
of Industrial and Engineering Chemistry. In addition, there is 
the discussion by 22 others. The book is attractively bound and 
printed, and is very worth-while reading for teachers and students 
of chemistry. Further information concerning the availability 
of the book may be obtained by writing to: Standard Oil De- 
velopment Company, 30 Rockefeller Plaza, New York 20, New 
York. 

A. A. VERNON 


NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 


OUTLINE OF THE AMINO ACIDS AND PROTEINS. Edited by 
Melville Sahyun, Vice-President and Director of Research, 
Frederick Stearns and Company, Detroit, Michigan. Rein- 
hold Publishing Corporation, New York, 1944. 251 pp. 16 
tables. 8 figs. 15 X 23cm. $4.00. 

According to the preface and the foreword the purpose of this 
book is to outline the essentials of the chemistry and the biochem- 
istry of amino acids and proteins. There are 12 chapters and an 
appendix by 13 well-qualified authors, three of whom were con- 
tributors to Schmidt’s compendium on amino acids and proteins. 
Six chapters (102 pages) are devoted to the discovery, isolation, 
synthesis, and analysis of amino acids and to the occurrence, 
properties, structure, analysis, hydrolysis, and amino acid con- 
tent of proteins. Six chapters (84 pages) are concerned with the 
relation of amino acids to immunity and biologically important 
products, the role of amino acids in detoxication, and the metabo- 
lism and nutritional value of amino acids and proteins. A list of 
142 U. S. Patents on amino acids and related organic compounds 
is given in the appendix. 

It seems inevitable that all collaborative works shall have 
shortcomings and the present book is no exception. The follow- 
ing examples illustrate this point. 

The mechanism of protein hydrolysis, the racemization of 
optically active amino acids, the resolution of racemic amino 
acids, the nomenclature of natural amino acids, and other con- 
cepts employed in the text are inadequately explained. The 
accepted symbols for the natural amino acids are given on page 37, 
yet natural valine is designated on this page as/(+-)- and on page 
22 as d-. Duplication of information occurs throughout Chap- 
ters VIII to XII. Some key topics (such as transmethylation) 
discussed in the book do not appear in the subject index. There 
is no indication that foreign patents may be as important as those 
issued in this country. Some of the information in the tables on 
pages 67 and 131 is less reliable than that published in the 1944 
literature. The introduction of photographs of 13 classical 
workers is a pleasing innovation but it could be inferred that 
Curtius, Drechsel, Ehrlich, Ellinger, Sérensen, and certain other 
individuals made less important contributions to the field of 

amino acids and proteins. It might be assumed from the place- 
ment of their photographs that Fischer, Kossel, and Wey] were 
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authorities on amino acid metabolism. No hint is given con- 
cerning the origin, fundamental characteristics, or intended pur- 


poses of the drawings of amino acid crystals reproduced in Chap-. 


ter I. Important references to the literature have been omitted 
particularly in Chapters III, IV, and V. An essential amino acid 
is one required for nomal growth according to the definition on 
page 225. What is normal growth? Hegsted [J. Biol. Chem., 
156, 247 (1944) ] has defined an essential amino acid as one essen- 
tial for life. Our views on this subject need clarification. Pep- 
tides, enzymes, physical properties of the amino acids, amino acid 
periodicity in proteins, structural models of protein molecules, 
microbiological assay of amino acids, and other topics have been 
neglected or have been treated too briefly. A summary of 
Pirie’s [Biol. Rev., 15, 64 (1940) ] views on the criteria of purity of 
large molecules of biological origin would be an appropriate addi- 
tion to the discussion on page 64. The chapter on protein struc- 
ture could be expanded with profit if the author were to emphasize 
more strongly some of his views [“Advances in Enzymology,” 
1941, Vol. I, p. 1]. - 

This book has numerous commendable features including ex- 
cellent printing, freedom from typographical errors, well-chosen 
subject matter, and a pleasing style. On the whole it should meet 
the needs of beginning students better than any other available 
book. 

M.S. Dunn 


UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


THE ANALYTICAL CHEMISTRY OF INDUSTRIAL POISONS, HAZARDS 
AND SoLvENtTS. Morris B. Jacobs, Senior Chemist, Depart- 
ment of Health, City of New York, 1928—; Director of Gas 
Reconnaissance, Gas Defense Service, New York City; Citi- 
zens Defense Corps. Second Revised Reprint. Interscience 
Publishers, Inc., New York, 1944. xvii + 661 pp. 110 figs. 
34 tables. 15 X 23cm. $7.00. 

This text was originally issued in 1941 and evidently met so 
cordial a welcome that this 1944 reprinting was required. Any 
changes are so minor that the author did not deem it necessary 
to includé an additional preface. Consequently, the reviews of 
the earlier issue are still applicable. Excellent detailed discus- 
sions were given by H. B. Elkins, Journal of the American Chemi- 
cal Society, 63, 3544 (1941); N. M. Molnar, Chemical and En- 
gineering News, 20, 55 (1942); H. E. Cox, The Analyst, 66, 477 
(1941); M. G. Mellon, Tuts JouRNAL, 19, 50 (1942). Reviews 
of this reprinting have been published by H. H. Schrenk, Journal 
of the American Chemical Society, 66, 1993 (1944) and again by 
H. E. Cox, The Analyst, 70, 36 (1945). 

Under these circumstances, the present Teviewer feels that his 
competent predecessors have done his work for him. He, too, 
has found here a wealth of information gathered together, for the 
first time, from widely scattered sources, especially periodicals 
and government bulletins. The preface states: ‘“‘The author 
hopes that this book will be a contribution to analytical chem- 
istry in industrial hygiene. It should be useful in industry, in- 
surance, education, governmental regulation, research, hospitals, 
and for chemists, toxicologists, and physicians.’’ The reviewer 
hopes that it may be seen by students,also, because they can 
read here how to attack and solve problems that require the 
sampling of dusts and atmospheres, and the subsequent deter- 
mination of their burden of toxic materials. Practically nothing 
is given relative to the chemistry of the various procedures, so 
that considerable reading, class discussions, and lectures would 
be required to adapt the text to pedagogical purposes. 

The scope of the text is indicated by the following partial syn- 
opsis: Sampling (25 pp.); Measurement of Gas Volume and 
Quantity (23 pp.); Absorbers and Absorbents (21 pp.); Chemi- 
cal and Microscopic Estimation of Dust (44 pp.); Chemical 
and Microscopic Estimation of Silica (25 pp.); Dangerous Met- 
als [Pb, Hg, As] (44 pp.); Other Harmful Metals [Cr, Sb, Cd, 
Mn, Se, Va, Tl, Zn, Cu, Sn, Ni, Alkalies, Radieactive sub- 
stances] (35 pp.); Other Poisonous Compounds [H2SQ,, SO:, 
H:S, CS2, S2Ch, SOCl, SO2Cl., COS, P, PCl:, Nitrogen oxides, 
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NHsg, O;] (51 pp.); Poisonous Compounds of the Halogens (20 
pp.); Carbon Monoxide and Dioxide, Hydrocyanic Acid, Cyano- 
gen (40 pp.); Combustible and Solvent Vapors (20 pp.); Or- 
ganic Compounds [about 100 varieties] (195 pp.). 

The more important materials are discussed in considerable 
detail as to: (a) industrial incidence, (b) physiological response 
and toxicity, (c) detection and estimation. The analytical proce- 
dures are taken from the original sources without critical com- 
ment or suggested preferences. No information regarding anti- 
dotes or treatments is given. There are numerous references to 
the literature. The final chapter (40 pp.) is devoted to chemical 
warfare agents. The appendix contains a number of useful 
tables in which are assembled data on limits of inflammability 
and explosive ranges, physiological responses, probable safe con- 
centration limits of exposure to gases. 

The mechanical make-up of the book is attractive. 
is a good buy. 


This text 


RALPH E. OESPER 
UNIVERSITY OF CINCINNATI 
CINCINNATI, OHIO 


ANHYDROUS ALUMINUM CHLORIDE IN ORGANIC CHEMISTRY. 
Charles Allen Thomas, Central Research Director, Monsanto 
Chemical Company, in collaboration with Mary Baluk Moshier, 
Herbert E. Morris, and Ross W. Moshier, Thomas and Hoch- 
walt Laboratories, Monsanto Chemical Company. American 
Chemical Society Monograph Series. Reinhold Publishing 
Corporation, New York, 1941. xiii + 972 pp. 15.5 X 23.5 
em. $15. 

After a short introduction and historical sketch of Friedel 
and Crafts, a chapter is devoted to the chemical and physical 
properties of anhydrous aluminum chloride itself and another to 
the various mechanisms which have been proposed to explain 
its role in organic reactions. The next 12 chapters, which con- 
stitute the major portion of the book, give a detailed and orderly 
account of the numerous reported instances of the use of alumi- 
num chloride in reactions involving aromatic compounds. The 
literature of the more recent and less well-known field of the use 
of aluminum chloride in aliphatic reactions is then surveyed with 
separate sections on polymerization and cracking. The two final 
chapters are devoted to the manufacture and purification of 
anhydrous aluminum chloride and to the various factors, such 
as temperature, solvents, agitation, etc., which may modify 
its action. Subject, author, and patent indexes complete the 
book. 

There can be little doubt that the authors have achieved to a 
commendable extent their expressed purpose of collecting in one 
place all of the widely scattered literature on the use of anhydrous 
aluminum chloride in organic chemistry. However, in achieving 
this completeness as a literature survey, the authors have denied 
themselves, for the most part, the opportunity of critically 
evaluating the work cited. As a consequence, the book will 
be particularly useful to workers in the field of reactions involving 
the use of aluminum chloride, but in its very completeness will 
overwhelm those of more casual interest. Likewise, it will be 
useful to advanced students as a reference work but will not 
readily lend itself to use as a textbook. 

N. F. Roy 


Brown UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


Orcanic CuEemistry. Louis F. Fieser and Mary Fieser. Abridged 


edition. D. C. Heath and Company, Boston. 1944. xi 
+ 698 pp. 22 figs. 61 tables. 20 charts. 15.5 X 23.5 cm. 
$4.00. 


It is always pleasant when first good impressions continue 
throughout the reading of a book. Such were the feelings of the 
reviewer as he turned the pages of this admirable book. It is an 
abridged edition of the larger work by the same authors but the 
abridgment has been done so well that even one familiar with the 
first work would not especially notice the condensation. The 
abridged edition consists of 33 chapters instead of 40 and of 698 
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pages instead of 1091. Some of the essay chapters are omitted 
or condensed and combined, and paragraphs or groups of para- 
graphs are cut directly out of the larger text to make the smaller 
edition. 

This book is well written and gives an air of authority without 
any signs of pedantism. It contains a tremendous amount of 
good theoretical and practical information. There are many 
references to the commercial uses of organic compounds as well 
as to laboratory processes of the preparation. Chemistry is a 
laboratory science and the discussions of reactions from the lab- 
oratory standpoint help chemists to keep ‘‘one foot on the 
ground.”’ Questions are given at the ends of some of the chapters, 
also references to the literature, chiefly and properly to review 
articles. The book is up to date as evidenced by the discussion 
of resonance, of the use of isotopic tracer elements in solving the 
courses of reactions, and of the structure and synthesis of biotin. 
Brief notes on the history of compounds, the derivation of names, 
and the biological significance of compounds, are excellent. Not 
only are these of general interest, they also help the student by 
association to remember facts. The book is full of structural 
formulas and they are very well done. Scarcely a page is noted 
without at least one, and this extensive use of the organic chem- 
ist’s shorthand is worth while. Many tables of compounds and 
physical data are very helpful. 

The Geneva system of nomenclature is used considerably. The 
authors follow the older method of adding suffixes (butene-2) 
instead of the more modern American Chemical Society method 
of prefixes (2-butene). 

The introductory chapter consisting of 24 pages on ‘‘The Na- 
ture of Organic Compounds” is a liberal education in the funda- 
mentals of the subject, and the section on ‘‘Problems in Synthesis” 
is provocative of good thinking. Three hundred ninety-five 
pages cover aliphatic compounds and two hundred twenty-six, 
aromatic compounds. There are, of course, some overlapping 
subjects, such as the chapter on stereochemistry, and there are 
two closing chapters on ‘‘Synthetic Fibers and Plastics,” and 
“Physiologically Active Agents.’’ The aromatic compounds are 
adequately discussed, and the accent on aliphatic chemistry is 
desirable in these days. The arrangement or order of treatment 
of subjects may not be what might be considered regular, but 
the general subject is so well covered that the author’s arrange- 
ment is scarcely open to question. There is a very good index, 32 
pages of double columns. 

The typography of the book is excellent and errors must be 
very few since only two, in spelling, were noted (pp. 79, 648). 

Harry L. FISHER 


U. S. InDusTRIAL CHEMICALS, INC. 
STAMFORD, CONNECTICUT 


SEEING THE INVISIBLE. THE STORY OF THE ELECTRON MICRO- 
SCOPE. Gessner G. Hawley. Alfred A. Knopf, New York, 1945. 
xv + 196 + ix pp. 12.5 X 18.5cm. $2.50. Written for the 
layman, this little volume is the life history of our latest scien- 
tific baby, the electron microscope. 

Chapter 1, ‘‘The Search for the Small’’—excites us to its 
wonders: jagged particles of face powder magnified 47,800 times; 
pneumonia germs looking 35,000 times larger than nature in- 
tended; studies on quick-setting cement for the Siegfried Line; 
photographs of paper, textiles, and synthetic rubber for a nation 
at war; current practice of taking electron microscope pictures 
with 1000 to 8000 times magnification, then photographically 
enlarging to a hundred times the magnification achieved with the 
ordinary microscope. 

Chapter 2, on ‘‘The Physics of Waves’’—diffraction, resolving 
power, and interference is poorly done, using oversimplified analo- 
gies with water-waves—examples which confounded this re- 
viewer more than the phenomena themselves. 

Chapter 3, ‘‘How the Electron Microscope Works’’—includes 
many interesting details: (a) electrons from a hot filament oper- 
ated around 60,000 volts +1 volt d. c. obtained from ordinary 
110-volt a.-c. house current; (b) electromagnetic focusing giving 
higher resolution and magnification than electrostatic focusing, 
the latter allowing greater voltage tolerances: (c) the specimen, 
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500 to 5000 Angstroms thick mounted on a 1000-Angstrom col- 
lodion layer, or transferred to a polystyrene film; (d) recent 


- models with improved vacuum technique, eliminating the special 


air-lock; (e) stereoscopic pictures. 

Happily this author does not view his popular science through 
roseate glasses, for in Chapter 4 he frankly states the limitations 
of the electron microscope: its lower limit of 15 Angstroms, too 
small to see common molecules; the destruction of specimens by 
vacuum, or by the searing and dehydrating effect of electron 
bombardment; and difficulties in preparing specimens. 

Chapter 5 reviews the historical development in this country 
down to the present portable models by RCA (electromagnetic 
focusing) and by GE (electrostatic focusing). Perhaps too little 
is said of the superb photographs once obtained in Europe. 

Chapter 6 discusses the pioneer researches by Columbia Carbon 
Co., revealing that particles of carbon black are round and 
smooth, and the importance of this in rubber chemistry; of the 
round and pear-shaped particles of rubber latex, 20 times larger 
in natural rubber; of grains of metallic smokes, round for alu- 
minum, needles for zinc oxide. 

Industrial applications are treated in Chapter 7—the struc- 
ture of wood pulp, textile fibers with dyes, photographic emul- 
sions, clays and soils; and of the recent techniques for obtaining 
impressions on plastics. 

In Chapter 8, we see clumsy bacteria outside the cells; viruses 
which penetrate and reproduce within the cell; leucocytes en- 
gulfing pneumonia germs, a bacteriophage attacking, penetrat- 
ing, and finally destroying a streptococcus cell; and individual 
molecules of tobacco mosaic virus. There is speculation on 
things yet to be discovered with cancer cells, and with genes. 

The concluding chapter peers briefly into the future, reiterating 
the shortcomings of the new instrument. 

The author has performed a useful service both in collecting 
these pictures, most of which have already appeared in print, 
and in writing a story of our latest scientific prodigy. The story 
is at times dull, explanations awkward, and statements inac- 
curate, but on the whole the volume should prove interesting to 
the young scientist and layman. 

HuBeErtT N. ALYEA 


PRINCETON UNIVERSITY 
PRINCETON, NEW JERSEY 


EXPERIMENTS IN GENERAL INORGANIC CHEMISTRY. J. L. 
Maynard and T. I. Taylor, Assistant Professors of Chemistry, 
School of Chemistry, University of Minnesota. D. Van Nos- 
trand Company, Inc., New York, 1944. xi + 554 pp. 101 
figs. 17 X 24 cm. Paper covers, spiral wire binding, per- 
forated sheets. $2.90. 

This laboratory manual is designed to accompany ‘‘General 
Inorganic Chemistry”’ by Sneed and Maynard, although it may 
be adapted to accompany other textbooks. Fifty-five general 
experiments are included, together with qualitative analysis for 
twenty-two common cations according to the scheme presented 
in ‘“‘Semimicro Qualitative Analysis’’ by Barber and Taylor. 

The book opens flat and occupies small desk space. The 
system of recording results on separate pages indexed according 
to the experiment is an admirable feature. A large appendix 
includes a discussion of errors and logarithms. 

The manual is relatively heavy for the flimsy covers. The 
experiments are irregular in length. The first 22 of the 55 ex- 
periments cover the topics of introductory principles, oxygen, 
hydrogen, and water. Experimental directions, questions 
about observations, and reference questions are often included in 
the same paragraph, sending the pupil frequently to the textbook 
when writing his laboratory report. The description of the ex- 
perimental synthesis of copper sulfide (p. 83) differs radically 
from that given in the textbook. Small quantities of reagents 
are specified throughout. Normal or molar designations are 
regularly made for the concentrations of liquid reagents, e. g., 
36 N H.SO,. 

ELBERT C. WEAVER 


PHILLIPS ACADEMY 
ANDOVER, MASSACHUSETTS 





(61g 28ed vag 
u194shg dIporiag 941 Jo stisdouAg usi9z}eg BABA 


QS09- S05 SOoJEe Q@SO2-ONIS o2 NIS 
2Z+=mu It+= O=™ q-=4 Q-= mM 


2=27 HLIM SIVLAW NOILISNVS, JO SaNOAH Ol 


‘T+"pue g— = u 
aJayM UMOYS o13e P4/A suis} ed aAeM ,,poeBIoUl,, ZuIpuodsa1IOD ay, “SIxB Ie[od 
dq} JNoge [eolIJoUIUTAS JIB PUB SUOTIELIVA UVIPLIOW OU BABY SUJ9}}ed u014NG147 
-SUp 34} DUST ‘guas_? ‘9}ESNfu0d xo[dwod s}i pus’ uor}oOuNy sty} Jo yonpoid ay} 

SI WOINLI}sSIp WOI}PITO OL (pug? = PA) AteUIZeUN xo[duUIOD & Jo j1ed [eaI 

ay} ATUO 3}NIIYsuU0d ‘7+ pus [— = MW dIZYM UMOYS ‘SUOI}EIIVA UBIPLIIW oy 
“Pop AYISUDJUI DABM 9} JO (SOUOUTIeY DdeJ 

-IMS) SUOTELIVA Ie[NZUS 34} BqLIOSep pol Ul UMOYS SUOISSoId Xd DI}JIWIOUOSII} BY 

‘p dINSIY Ul UMOYS 318 SUIN}}ed Y}I¥d JIBI OL 

*JUDUI9T9 9} JO JOqUINU JIWI0}8 3q} SI ‘pal Ul ‘JIequInu U49}}ed OY 

*U01}209[9 _Poppe-}Se] S}I JO Usd}}ed DAM 9} Aq PdZIJOJOVIeYO SI JUSTO YOR 
*do} 94} 38 a[Od oI}oUseUI YVIOU 3y} ZuUIdsey ‘posi9Ao1 

SIO[OD 94} YIM U19}}ed sUTes BY} Aq Peqliosap SI UOIZDITA ,,.poted,, 10 puooss VW 
*SdT}ISUDJUI VACM (Poi) SNUTUT JO (YoeTq) snd 9y} Zur 

-lenbs Aq pdUululisjep si ‘A}isUsp aZ1eYO O11}D9To 10 ‘UOTINII}sSIP S,UOI}DITo BILL, 
‘UOI}DJa PUNOG-UI0}e UL IOJ ,,UII}}ed 

IOIABYq,, JO DABM ZUIPULS [EUOISUSUIIP-3914} 94} JO MIA apis & st o1njoId Woe 

SHLON AMOLVNV1dxa 


*"oan31q) 


aN OH HHOrK w 


+ aunold 3a. 


gQ $09 
O=4 Je =4 


T=7 HLIM Sdnoad- xIS 


SLINSW319 aviIn[asy 4O SsdNOAo g 


O=7 HLIM 
SdNOAD OML 


'9— 


\2 

















i“ — 
Sonsitive ond Procite 


STAINLESS STEEL 
TRIPLE-BEAM BALANCE 


natant te Quich, Accurate Weighing 


; Cobalite 
P Knife Edges 


* 


Covered 
Agate Bearings 


* 


One-Piece 
Beam Construction 


* 
High 
Sensitivity 
* 











Z 
WN) - S 


i aE 























No. 4030 Patent No. 1,872,465 Corrosion-Proof 








SENSITIVITY: 0.01 g. or less at total capacity 
CAPACITY: 111 g. (with extra weight 201 g.) 


The patented one-piece triple beam has all three scales 
visible at eye level. 


Absolutely every metal part is of Stainless steel, except the 
base casting and pillar, which have a crystal-finish coating. 


Each 18.25—Lots 3, Each %16.40 


(Extra weight $1.25 additional) 


W. M. WELCH SCIENTIFIC COMPANY 


Established 1880 
1516 Sedgwick Street Chicago 10, Illinois, U.S.A. 








JouRNAL oF CHEMICAL EpucaTION, JuLy, 1945 





Editors Outlech 


GOME time ago a labor leader made the following in- 
dictment: ‘‘Our colleges and universities have not 
served the working people of this nation for so long that 
it has almost become a tradition that workers have no 
place in the halls of higher learning.” 

The temptation is irresistible to indulge in the play on 
the word ‘“‘workers’’ in the last phrase of the sentence; 
certainly many college teachers, especially after a recent 
final examination period, will heartily agree. Un- 
doubtedly, at such a time there is a general pessimistic 
impression that “‘workers,”’ if present in college, have 
not seriously exercised their accomplishments! 

But the purpose of this was not to be facetious. The 
indictment goes on, pointing out that colleges ‘‘have 
long made a practice of having special classes and insti- 
tutes for bankers, real estate people, chemists, business 
men, and for professionals.’’ On the other hand, “‘the 
idea of a university letting workers have special ses- 
sions was considered ridiculous.”’ (A.C.S. officials please 
note—for what it may be worth—the inclusion of chem- 
ists among the ‘‘nonworkers!’’) 

This brings two points to mind. Maybe it is but a 
bourgeois thought, perhaps it is because of a lack of 
proper class consciousness, but I am distinctly pained 
by the common, but narrow, emphasis on “‘the working 
people.’’ There are many of us who love our own work 


and believe in the general thesis of ‘‘the glorification of 


labor’; but we feel that if there is any special ribbon 
awarded for service with the ‘working people” we de- 
serve it too, even though we are not eligible for member- 
ship in any existing labor union. We punch no time 
clock, but we are at work most of the time from awaken- 
ing until retiring, since our work is largely of the 
“brain” variety. We frequently wake up in the still 
of the night to put in an extra hour or more—involun- 
tarily—and Sunday is no holiday. We are the men 
whose minds have to solve the problems of science, 
technology, industry, government—and yes (hush!), 
management. Alas! we are not “working people.” 
But if you don’t think it is work it is because you merely 
have a different definition. Yes, I know this has all 
come up before, and there are answers. But funda- 
mental issues have a way of appearing again and again. 

But all this is relatively incidental and unimportant. 
The more important thing is that our colleges and 
universities are by no means unaware of their social 
responsibilities, although it is scarcely their business to 
make class distinctions for their own sake. Of course, 
to the extent to which the above indictment is true, its 
author would say, class distinctions are exactly what 
the colleges are making. However, it is rather too 
much to expect our colleges to issue their catalogs with 
Courses for Working People on the ieft-hand page and 
Courses for the Bourgeoisie on the right. 

There is much more here than first meets the eye. 
What is not so well understood in all this—and of 
which probably none of us understands all the implica- 
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tions—is that there are powerful forces operating in the 
world which, although intimately involved in the issues 
of the present war, will not be settled by it. In fact, 
we may really become aware of them only when we 
cease to be preoccupied by military hostilities. These 
forces will not be fully expended in the extinction of 
fascism; nor will stability be reached by merely re- 
solving the issues between the various “‘social classes.”’ 
Our fundamental ideas of how man should live with 
man will come into perspective. 

There is something much more serious in the wind; 
we are being driven to make up our minds, individually 
and collectively, on a basic question. It is whether the 
social unit (society, the State, or what you will) is an 
association of individuals, or whether individuals are 
subordinate parts of the social unit. And this is not 
like the old chicken-vs.-egg controversy; you can come 
to a definite conclusion on this one. Of course, it is an 
issue which has been hanging around in the offing for a 
long, long time, but now, by the Lord Harry, we will 
have to begin to do something about it. 

Compared to this question many of our pressing 
social problems are but minor: employer vs. employee; 
capital vs. labor; capitalism vs. communism. We 
shall not have committed ourselves to an answer when 
we have settled the question of totalitarianism vs. 
democracy, for the main question even subdivides 
democracy into two camps. 

We are in for a lot of soul-searching and investigation 
of our consciences: Does the individual have rights as 
well as responsibilities in a social organization, and if so 
what are they; what place must be accorded minority 
groups? Are you the important thing to consider (or J, 
for that matter), or are we? 

If we dodge these issues and let ourselves drift into a 
decision the answers will be made by others and forced 
upon us, you may be sure. The reason why it is diffi- 
cult for us to establish relations with Russia is that the 
Russians have made up their minds on this question— 
or at least have the semblance of agreement among 
themselves—while we are unwilling to accept that 
point of view, and in fact are in a confused state of mind 
about the whole question. 

That the issue is a vital one is evident from the way 
in which it is causing the political ‘‘drift to the left” in 
Britain, now that that country can think of something 
besides robot bombs. 

So what? I don’t know; only that this is not the 
place to argue about it. In fact, it scarcely seems a 
subject for argument; you must search your soul and 
make a decision, as you decide about your religion. It 
is only evident that in some way our schools and col- 
leges must prepare the next generation to make a deci- 
Any free decision will not be unanimous, and 
any decision which is not free will be fascism, or some- 
thing equally bad. But, as in all things, to be aware 
of a problem reduces its dangers and its difficulties. 
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The Periodic System and Atomic Structure 
I. An Elementary Physical Approach 


WILLIAM J. WISWESSER 
Cooper Union, New York City 


INTRODUCTION 


HE excellent article by De Vault (1) on an elemen- 

tary presentation of quantum mechanics draws 
attention to a major dilemma in teaching college chem- 
istry. Important as these atomic structure fundamen- 
tals are, there is a general belief that wave mechanics is 
far too difficult to introduce in the elementary courses. 
Thus only one elementary text (2), written for stu- 
dents not majoring in chemistry, was found which con- 
tained a section on ‘“‘Wave Mechanics.”’ 

The writer believes that a major simplification of 
wave mechanics can be accomplished by a careful 
coordination of three teaching aids: 

1. Emphasis on the nodes of the matter-wave patterns, rather 

than the resulting electron distribution functions. 

2. Interpretation of the simpler wave functions by diagrams 

colored to show the sign and intensity of the function. 

38. Employment of similarly colored mathematical curves in 

dynamic models which are so simple that the students 
can construct some themselves. 

A simplified approach employing these aids has given 
some encouraging results, especially with students who 
were sufficiently interested to hold a brief discussion 
outside class. (This extracurricular time is necessary in 
order to introduce the physical and mathematical con- 
cepts such as standing waves, nodes, and polar coordi- 
nate plots.) The details given in this article are consid- 
erably more complete than those which were given the 
students. It must be thoroughly understood that this 
approach makes no pretense to be theoretically com- 
plete, nor perfectly exact, nor certainly as ideal as 
broader experience and discussion can make it. 

Further development and perfection of these teach- 
ing aids should make it possible to introduce the basic 
notion of wave mechanics very early in the chemistry 
curriculum. This is desirable because wave mechanics 
is an important basic tool for the further understanding 
of matter. It gives the only logical explanation for: 
(1) matter-energy interactions; (2) atomic structure; 
(3) the Periodic System; (4) valence and molecular 
structure; (5) the cause of chemical action, stability or 
instability; and (6) the nature of chemical change. It 
further serves as an ideal common ground in the three 
basic subjects of mathematics, physics, and chemistry, 
and it is a powerful intellectual stimulant. 


THE IMPORTANCE OF WAVE MECHANICS 


Popular Recognition 


Most of the recent popular books on science (3, 4, 5, 
6, 7, 8) make some mention of the quantum theory and 


wave mechanics, in recognition of their tremendous 
implications. These studies have brought about some 
of the most revolutionary changes in scientific thought 
since Galileo refuted Aristotle—that is, since science 
began. For example, Trattner’s (9) account is typical: 

“As a result of wave-mechanics, we are stepping into a new and 
different kind of an order, quite unlike that which we were taught 
to believe under the discipline of the older concepts of physics, 
but nonetheless a rational order capable of mathematical formu- 
lation.... And it is a revolutionary one at that. To deny the 
universal validity of the principle of causality is to strike at the 
very roots of science as humanity has known it since the days of 
Galileo and Newton.” 

The ‘‘revolutionary” degree of this change is not a 
popular exaggeration, but is fully acknowledged by 
expert physicists. A year ago Margenau and Wight- 
man (10) began their review of ‘‘Atomic and Molecular 
Theory Since Bohr” with this statement: 


“The revolution in man’s conception of the physical universe 
which has occurred during the last two decades is comparable, 
both in magnitude of philosophic conception and in pragmatic 
fertility, to the upheaval that took place during the sixteenth and 
seventeenth centuries.” 


This matter-energy, particle-wave fusion with its 
inherent shattering of determinism is a major topic in 
almost every poptilar account of the physical world 
published since 1930 (11, 12, 13, 14,15, 16). Eddington 
(8) summarizes its importance fairly bluntly: 


‘In present-day physics the most fundamental equation is the 
wave equation of an electron.” 


How much longer can chemistry ignore these heavy 
reverberations in its basic physical doctrines? 

The student who reads these popular accounts rightly 
expects a few further details in his chemistry course, 
which is supposed to deal with the structure and 
atomic behavior of matter. Moreover, imaginative 
and mechanically minded students deserve a much 
better substitute for the obsolete Bohr-Sommerfeld 
model than the discouraging remarks that ‘“‘the new 
structures cannot be visualized.’ After all, the 
structures can be visualized, and these notions are not 
new, but older than heavy hydrogen, neutrons, posi- 
trons, or artificial radioactivity. 


Teaching Value 


A carefully simplified wave-mechanical approach to 
atomic structure, the Periodic System, and chemical 
change, etc., can be presented as marvelously inspiring 
evidence of a penetrating—almost religious—cosmic 
unity. This “moral lift’? is quickly sensed by the 
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young student who may be meeting the discipline of 
scientific thinking for the first time in his life. In con- 
trast, very poor teaching psychology is employed in the 
historical or empirical “atomic weight’’ approach to 
the Periodic System, with its errors, defects, and ex- 
ceptions; and in the elaboration of an obsolete ‘‘solar 
system’’ atom, 

The inquiring mind, at any age, craves a pictorial 
representation for almost any kind of structure, and 
the pictures suggested by atomic wave patterns are 
unequalled in their intricate symmetry, striking beauty, 
and perfect harmony of finite discreteness with infinite 
continuity. James Clerk Maxwell thought enough of 
spherical harmonic charge distribution patterns to in- 
clude several contour-lined views in the appendix of 
his famous treatise (17). It seems strange that so few 
modern texts or popular accounts illustrate these newly 
discovered infinitesimal spherical harmonics within 
the atom—as though the pictures somehow were 
wrong although the mathematical equations describing 
them still were right. ‘Electron cloud” pictures are 
illustrated in Ruark & Urey’s treatise (18) while addi- 
tional patterns are shown on p. 135 of Darwin’s popular 
account (6), and in De Vault’s article (1). The most 
extensive collection of these pictures is given in White’s 
treatise (19) on pp. 71and 146. Few of these references 
(5) contain similar—indeed almost identical—pictures 
of the corresponding wave patterns, which have a more 
understandable mathematical origin with their positive 
and negative regions and meridian nodes. Such are 
the illustrations presented in this article. 


Intellectual’ Value 


The intellectual value of these new matter-wave 
fundamentals has been shown in their proper emphasis 
on statistically correct probability analysis rather than 
“‘hit-and-miss’ spot-testing. Einstein and Infeld’s 
popular account (13) closes with these remarks: 


“Quantum physics formulates laws governing crowds and not 
individuals. Not properties but probabilities are described, not 
laws disclosing the future of systems are formulated, but laws 
governing the changes in time of the probabilities and relating to 
great congregations of individuals.” 


This new philosophy truly cuts to the heart of our 
science. No longer is the physical world based merely 
on matter and energy and perfect predictability; the 
only constancy in the universe is change itself, and the 
only certainty is an ultimate limit to certainty. This 
third ultimate physical reality is embodied in the unit 
of change or action which at the same time is the ‘‘mini- 
mum uncertainty” known as Planck’s constant. 

These strange new aspects of matter waves and en- 
ergy particles give a greater unification in the apparent 
behavior of the physical universe. Whatever its re- 
maining shortcomings, wave mechanics gives a far more 
accurate, more completely satisfying and experimen- 
tally valid picture of the structure of matter than any 
other theory or model yet proposed. Therefore a cer- 
tain amount of simplification is justified in the intro- 
ductory interpretations; and without sacrificing in- 
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tellectual honesty, many of the disturbing vagaries 
and complications can be avoided in a simplified ap- 
proach, such as the one that follows. 


Practical Value 


The practical value of matter-waves is even more 
evident: Within a few years after de Broglie (20) and 
Schrédinger (21) predicted atomic matter waves, 
Davisson and Germer (22) in the Bell Laboratories 
produced them; others (23, 24, 25, 26) soon confirmed 
the theory with beams of hydrogen and helium atoms 
and protons, as well as electrons. The electron dif- 
fraction technique (27) which immediately followed be- 
came a new and singularly powerful tool which deter- 
mines molecular structures in the gaseous state, much 
as Laue’s use of X-rays determines atomic structures 
in the crystalline state. This new method became more 
prominent after Pauling invented an improved inter- 
preting technique in 1935. The enormously powerful 
electron microscope represents a still greater applica- 
tion. This instrument, in commercial production since 
1940, uses magnetic lenses to take direct vision pictures 
with electron matter waves. The skeptic who does not 
“believe in’’ these wave notions will have a hard time 
explaining how and why this instrument works. This 
practical result of highly theoretical speculations is the 
greatest tool for extending man’s vision since Galileo 
and Leeuwenhoek put glass lenses together to invent 
the telescope and microscope. With this new elec- 
tronic tool, ‘‘the scientist today stands at the threshold 
of a vast new world of chemistry . . .” (28). 

Finally, if the objection is raised that wave me- 
chanics is ‘‘physical’”’ rather than ‘‘chemical,” then it 
must be noted that so are the extensive discussions on 
gas measurements and properties, kinetic theory, mo- 
lecular weights, liquids (humidity, etc.), soltutions, 
colloidal dispersions, the solid state, and related 
“physical preliminaries” which collectively take up 
fully a third of the general course (29). The course 
still concerns one basic science, organized for con- 
venience into two overlapping divisions. 


SUMMARY OF A SUGGESTED APPROACH 


For a simplified wave-mechanical approach to 
atomic structure and the Periodic System, the student 
may be directed along the stepwise sequence of in- 
quiries summarized below. Further details will be 
found in the subsequent sections of later papers, 
numbered to correspond to these integrated steps. 
In the first two steps and sections, the impressive ac- 
cumulation of evidence leading to the unified theory 
is cited (recognizing the principle that science should 
begin with the facts and not with the speculations). 
The next four steps describe the wave patterns and 
show how these alone completely determine the pattern 
of the Periodic System. The mathematical section 
VII and all that follows is for advanced students and 
those who are interested in using the equations to make 
working models, etc. Here also the Dirac refinements 
of the simplified Schrédinger equation are mentioned. 
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These elementary interpretations should be illus- 
trated richly, not only with multiple views of.the wave 
patterns but with a few simple dynamic models which 
employ spinning mathematical curves to simulate, 
for example, the cross-cut view of the atom. 


I. COMPLEXITY OF ATOMIC STRUCTURE 


The complexity of atomic structure is suggested by 
spectroscopic evidence and by Rutherford’s description 
of a nuclear model. The contributions and deficiencies 
of the chemist’s Lewis-Langmuir model, the physicist’s 
Bohr-Sommerfeld: model, and the Hund-Landé vector 
model are reviewed. All of these are shown to be fun- 
damentally incapable of explaining quantum restric- 
tions, fixed charge distributions, and matter-energy 
interactions. 

Three quantum numbers are introduced in the 
Bohr model to describe the restricted size (m), shape 
(2), and tilt (m) of the electron’s orbit. A relativity vari- 
ation of mass causes the virtual orbit to precess in its 
orbital plane, as shown by Sommerfeld’s ‘rosettes,’ 
and the atom’s magnetic field causes this tilted plane 
in turn to precess around the magnetic axis. These 
motions are cleverly described by Max Born’s marginal 
flip pictures (5). Finally, the coupling of the elec- 
tron’s spin-motion with this doubly precessing orbital 
motion completely blurs the complex three-dimensional 
traverse of even a single electron. Atomic systems with 
more than one electron involve hopelessly complex 
dynamics. Wave-mechanical patterns thus are intro- 
duced as a necessary simplification rather than an auxili- 
ary complication. 


II. WAVE NOTION OF MATTER 


The wave notion of matter was initiated, not by 
theoretical speculations, but by accumulated experi- 
mental evidence, so it need not be introduced apolo- 
getically. The unsuspected wave nature of matter, 
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like the particle nature of radiant energy, was revealed 
in a cumulative series of recent discoveries—such as the 
atomic emission and absorption of light, the generation 
of X-rays, the photoelectric effect, the Compton effect, 
the Raman effect, the positron annihilation, electron 
diffraction, and electron microscopy (all briefly de- 
scribed in section II). These various interactions be- 
tween particles and waves required a more plausible 
explanation than existing theories could give. The 
quantum theory and wave mechanics offered this in- 
terpretation. Energy as well as matter and electricity 
is composed of ultimate discrete particles; however, 
the interactions among radiant photons, material pro- 
tons, and electromagnetic electrons are no mere me- 
chanical collisions, but rather interference and ‘‘beat”’ 
phenomena among their attendant behavior waves. 
The recent success of the electron microscope leaves 
little remaining doubt about the physical existence of 
these matter waves, and in accordance with the same 
interpretation, Maxwell’s elegantly developed laws for 
electromagnetic waves ‘‘are to be regarded as prob- 
ability laws for photons or particles’ (10). 


III. THE ELECTRON’S MATTER WAVE 


The electron’s attendant matter wave is a mathe- 
matically exact, statistically precise pattern of its be- 
havior. The wave equations tell nothing about what 
an electron is, nor what the wave itself is, but—what is 
more important practically—how an electron behaves. 
The wave intensity y at any point in space (or the 
point-value of the wave function ~) determines the 
probable occurrence of the electron at that point. 
More precisely, the product of the complex expression 
y (containing + vv 1) and its symmetrical conju- 
gate y* (containing — V — 1) gives the electric charge 
distribution, which means the electron’s total domain. 

The electron’s probable path through space is deter- 
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FIGURE 1.—THREE TYPES QF NODES IN THE BEHAVIOR PATTERN OF ATOM-BOUND ELECTRONS 
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FIGURE 2.—MECHANICAL MODEL GENERATES A SURFACE PATTERN FROM A LINEAR “VIBRATION” 
When viewed from the top, the spinning and rotating paper curve shows origin of linear nodes as edge views of a paper curve which 


is colored black on one side and red on the other. 
wheel radius, thus synchronizing the two angular motions. 


mined by its train of ‘‘pilot-waves’ just as a photon of 
light is determined by its electromagnetic waves. 
For atom-bound electrons these wave-trains are re- 
quired to overlap in harmony, so that the wave crests 
synchronize or ‘“‘mesh in.’’ This ¢wo-directional cyclic 
requirement produces the stationary or standing waves 
long known in spherical harmonics. Similar require- 
ments for these standing waves cause a dampened 
radical oscillation, rapidly falling to zero with increas- 
ing distance from the nucleus. Thus the three-dimen- 
sional pattern is described completely in terms of two 
direction angles and the radius. 


IV. WAVE PATTERNS AND NODES 


These wave patterns of atom-bound electrons, being 
centered on the nucleus and the magnetic axis, are most 
easily described by the nodes, regions where the wave 
intensity is zero. This approach is used by Darwin 
(6), Born (5), and Einstein and Infeld (13). A vi- 
brating string has poimt nodes, one for each successive 
harmonic. A vibrating drum or membrane has two 
kinds, both being lines: circular nodes and diagonal 
nodes. Hence a vibrating volume can have three kinds, 
all being surfaces: spherical nodes, conical nodes, and 
planar nodes. Figure 1 shows these three kinds of 
nodal surfaces which together define three-dimensional 
standing wave patterns. 


Linear standing nodes arise only when the axle radius is an integral multiple of the 


The progressive development of these various kinds 
of nodes from the original point node can be demon- 
strated with mechanical-analogy models and diagrams, 
(See Figure 2.) For example, circular nodes arise 
from the rotation of a point node; linear nodes develop 
when the rotating and vibrating frequencies are in- 
tegrally related (synchronized) because all points in the 
vibration pass through the equilibrum position at the same 
instant. (See Figure 3.) In an analogous way, conical 
nodes arise from the rotation of a linear node, and 
meridian planes develop when this rotation is syn- 
chronized with the over-all surface vibration. (See 
Figure 4.) 

An electron’s behavior pattern is completely defined 
in all its radial and angular values by specifying the 
number of each kind of node, because these same num- 
bers enter the mathematical equations defining the 
wave function or intensity y at any point. An addi- 
tional reason for putting emphasis on the nodes, rather 
than the intensity maxima, rests in a simple corre- 
spondence with the threé:, quantum numbers n, /, and 
m, introduced in the Bohr-Sommerfeld model. Thus 
m is the number of meridian planar nodes, / is the num- 
ber of Jinear nodes (i. e., meridian planes and co-latitude 
cones, both generated by the straight lines defining the 
respective angles), and is the total number of nodes 
including the limiting sphere and other finite spheres 
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SIDE AND END VIEWS ‘ y 
OF A SPINNING -3 
COLORED CURVE — 

SUCCESSIVE PROJECTIONS OF THE SPINNING AND ROTATING CURVE RESULTANT SURFACE PATTERN 


FIGURE 3.—PAPER CURVE SIMULATES A VIBRATING STRING WHEN SPUN, AND A VIBRATING SURFACE WITH NEW LINEAR NODE WHEN 
ROTATED IN HARMONY WITH ITS SPIN 


of constant radius. Therefore the three nodal quantum The equally clear mathematical significance of these 
numbers are defined from n, /, and m as follows: three nodal numbers is discussed in section VII. 

m = no. of meridian nodes, including sine and cosine alter- V. COMPLETE DESCRIPTION OF ATOM-BOUND ELECTRONS 

nate orientations, for convenience indicated by +m - oe Alps 

mat of eniiinnt tinlinn: an t-00.40 The fourth or spin quantum number s initially is in- 

no. of finite spherical nodes = n — 1 — 1 troduced merely as the mathematical sign of the over- 

m=O m=+2 m=+3 


cos > 


TOP oR POLAR VIEWS SHOW THE RADIAL AND MERIDIAN varRIATIONS (Y,9) 
MERIDIAN NODES ARE SHOWN BY DOTTED LINES 


sIN7Q: cos @ snO(5 cus*@-1) cos 6 (5cos9-3) sin6(5 cos*-4) SIN*@-cos 6 
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SECTORAL VIEWS SHOW THE RADIAL AND LATERAL VARIATIONS (¥,¢) 
CONICAL NODES ARE SHOWN BY SOLID LINES 


SIDE VIEWS OF THE RESULTANT THREE-DIMENSIONAL VARIATIONS IN WAVE INTENSITY (W) 


THIS ROW (n=4,1=3) COMPLETES THE WAVE PATTERN SYNOPSIS SHOWN ON FIGURE 5 
THESE AND SEVEN IDENTICAL PATTERNS]WITH 


Ficure 4.—PICTORIAL ANALYSIS OF yyr,0,6 PATTERNS WITH THREE LINEAR NODES. 
EVERSED CoLorS ACCOUNT FOR THE FOURTEEN RARE EARTHS 
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all wave equation (neglecting at this point Dirac’s 
refinement). This interpretation, also given by Born 
(30), is considerably simpler than the vector model con- 
sequences of the spin; and according to Dirac (31), the 
most important consequence of the spin is not its me- 
chanical effect (which is small) but its introduction of a 
simple fourth variable. 

Pauli’s exclusion principle (32) is introduced as a 
common-sense statement: In any one atom, no two 
electrons can be exacily alike in their total behavior, or 
else they would be an identity. Since the four quan- 
tum numbers, , ], m, s completely define the behavior 
pattern, it follows that each atom-bound electron must 
have a unique set of quantum numbers: s may be 
only plus or minus, m may be a plus or minus integer to 
designate the sine or cosine orientations, while and / 
must be positive integers. At this point it is conve- 
nient to tabulate the twofold aspects (wave meaning 
and particle meaning) of each quantum number, show- 
ing the mathematical definition of each number, and 
incidentally noting the suggestive meaning of the 
letter-symbols. 


TABLE 1. SIGNIFICANCE OF THE Four QuANTUM NUMBERS 
Permitted 
Values 


423)-4) 8%. 
0 up to (x — 1) 
(—) to (+) 


Particle 
Measure 


Sym- 
Name bol 


PrincipalQ.N. a 
“Lesser”? Q.N. 1 
Magnetic Q.- m 


Wave Measure 


Total no. of nodes 

No. of linear nodes 

No. of meridian 
nodes 

Over-all math. sign Spin direction 


Size of orbit 
Shape of orbit 
Tilt of orbit 


Minus or plus 


N. 
Spin Q.N. s 


The wave-particle correspondence is a reminder 
that both the Bohr-Sommerfeld dynamic model and 
the Lewis-Langmuir static model (discussed in section 
I) can be partially reconciled in the wave theory. The 
discontinuous change from one state to another, pro- 
hibiting noninteger quantum numbers, is a reflection of 
the obvious physical fact that fractions of nodes in a 
standing wave cannot exist. In these important re- 
spects this simplified interpretation is understandable 
and impressive. 


VI. THE PLAN OF THE PERIODIC SYSTEM 


The general plan of the Periodic System can be deter- 
mined completely from the filling sequence of the wave 
patterns. Since each added electron must be unique, it 
follows that each element can be identified by the pattern 
of its last-added electron. Therefore any predetermined 
natural sequence of the wave patterns also will be a 
natural sequence of the corresponding elements. 

Successively added electrons will fall spontaneously 
into the unoccupied patterns having the greatest bind- 
ing energy, just as water falls spontaneously in the 
earth’s field. The electron’s binding is affected only 
by its distance from the nucleus, hence in the absence 
of a strong magnetic field, conical and meridian nodes 
have the same binding energy. ‘Thus all the patterns for 
a given number of linear nodes, and the same number of 
spherical nodes, will be occupied successively. ‘ Here 
is the underlying reason for the vertical subdivisions 
in the™extended (metallurgical) form of the Periodic 


‘319. 


Table. The two groups of active metals on the left 
side, the six groups of regular elements on the right 
side, the ten groups of irregular or transition metals, 
and the fourteen rare earths, all reflect the number of 
patterns permitted for a given number of linear nodes, 
these being 0, 1, 2, and 3, respectively. For example, 
all of the rare earths are characterized fundamentally 
by the fact that in their atoms, the last-added electron 
has a pattern with three linear nodes, permitting these 
variations (as indicated by the mathematical definitions 
in Table 1): 


Quantum 
Number 


Variables Rare Earth Patterns 
1.8 3) An Bp € FF. 9 16 i:  14:-96 


m —-3 -—2 -—1 0O +1 +2 +3 -3 —2 -—1 O +1 +2 +3 
c @ 2. 23.S 2 § °C C... -S8. S738 ve 
5 -- ++ ++ + + + 


A similar accounting for the ten, six, and two should be 
obvious from a study of Table 1. 

Figure 4 illustrates the last seven of the above four- 
teen patterns; the other seven are identical except 
that the black and red colors are reversed. The bottom 
row of this figure completes Figure 5 (Frontispiece) 
which shows similar rows of five, three, and one, each 
wave pattern representing two electrons differing only 
in ‘‘spin’” or sign. In both Figures 4 and 5, half of the 
wave patterns with meridian nodes are shown ‘‘mag- 
netically resolved,”’ by plotting the real part (e. g., cos 
2¢) of the complex meridian function (e. g., ¥4 = «*™* 
= cos 2¢ = 7 sin 24); the other half of the wave 
patterns are ‘‘merged,” thus representing the square 
root of the corresponding electric charge pattern (yy*) 
which has no meridian variation (e. g., cos? 26 — 
4? sin? 2 is unity). 

After determining the number and picturing the 
types of patterns permitted for any n, / energy value, 
the next step is to determine the proper sequence of 
these n, ] values. Those patterns having the greatest 
binding energy are those which permit the closest ap- 
proach of the electron to the attracting positive nu- 
cleus, and these certainly will be occupied first. Now 
all linear nodes, again regardless of their kind, slice 
through the nucleus and thereby deny the electron to 
this strong-binding region. Spherical nodes, on the 
other hand, allow a high probable occurrence in this 
nuclear region. Consequently, when inner groups of 
electrons and high nuclear charges are present, linear 
nodes keep the electron almost twice as far from the nu- 
cleus as spherical ones. This difference is especially 
marked when the electron might penetrate inner layers 
of electrons and thereby experience a higher nuclear 
charge which these inner electrons otherwise would 
neutralize. Except for this difference between linear 
and spherical nodes, patterns with the least number of 
nodes (prohibited regions) will be occupied first. 
Counting linear nodes twice for their relative value, 
the patterns will be filled in increasing order of n + 1 
(rather than m alone). A better approximation, com- 
pletely specific, is given by m +1 — 1(/1 + 1). 
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Thus the patterns with (n, /) equal to (1, 0) will be 
occupied first; then (2, 0), (2, 1), (3, 0), and (8, 1). 
However (4, 0) will be filled before (3, 2) where the n 
plus / sum is five, since the two linear nodes in the latter 
patterns will keep the electron further from the nucleus 
than the extra spherical node in the former. For the 
same reason, the (5, 0) patterns will be filled before 
(4, 2), and (6, 0) before (4, 3) or (5, 2). 

The wave pattern synopsis of the Periodic System 
(Figure 5) ‘summarizes the successive order of the 
horizontal (n, 1) rows of patterns according to the rela- 
tively simple measure n +1 —//(1+ 1). The vertical 
groups are plotted according to increasing / value from 
left to right. This condensed ‘spectroscopic’ or wave- 
mechanical Periodic Chart preserves the adjacent se- 
quence of the first three periods, but breaks the atomic 
number continuity in the long periods. In compensa- 
tion, however, the irregular transition metals—with 
their incomplete inner shells, colored ions, variable and 
irregular valences, horizontal similarities, etc.—are 
separated from the regular elements which do not have 
these peculiar characteristics. Hence arguments about 
the ‘‘ideal’’ chart get nowhere, and the illustrated 
synopsis is but one of many possible compromises. 
Those who recognize the deeply significant meaning of 
the Periodic System are bound to be impressed by this 
purely mathematical and physical method of deter- 
mining its general plan from genuinely basic principles, 
without requiring the memorization of a single chemical 
fact. 


VII. THE MATHEMATICAL EQUATIONS AND CURVES 


The mathematical equations and curves for the wave 
functions further clarify the meaning of the three nodal 
quantum numbers m, c (= / — m), andp (=n —- 1— 
1). The total wave equation is the product of three 
independent Y vs x equations, one x for each spherical 
polar coordinate ¢, 0, and 7, respectively. That is, the 
wave intensity y = Wye, where the real part of 
the meridian function ~, = sin m@ or cos m@¢, and 
either of these can be expanded as polynomials of 
(sin @)™ or (cos ¢)"; the lateral function WY contains a 
related oscillating polynomial of cos @ to the degree c; 
and the radial function y, contains a polynomial of the 
radius 7 to the degree ». Thus the three kinds of nodes 
are merely the roots or x-intercepts in these oscillating 
curves; or the number of times each curve cuts the x- 
axis, giving values of ¢, 0, or r, respectively, where the 
corresponding intensity y is zero. It should be recog- 
nized that the nodes always are preserved when equa- 
tions are multiplied; e. g.,if Y1 = x —2 and Y2 = x 
— 3, then Y;-Y2 will have nodes at 2 and 3. This 
would be evident on plotting the polynomial Y = x? — 
5x + 6, equally well expressed by the root factors 
(x — 2) (x — 8). 

Again the reason for the strange quantum or whole- 
number restrictions becomes obvious; these oscillating 
curves may cut the axis at any fractional x-value, but 
they cannot cut it a fractional number of times. These 
polynomials cannot contain fractional powers (degrees), 
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thereby indicating a fractional number of roots. Such 
polynomials would be so “improper” that they could 
not be plotted; for example (—.x)? is negative when p 
is odd, and positive when p is even, but it could have 
no physical meaning when ? is fractional. 

Further details of the mathematical equations and 
their relation to the illustrated wave patterns are given 
later in section VII. 


VIII. CHEMICAL ACTION OR STABILITY 


Chemical action or stability is explained in a funda- 
mental yet simple way with the mathematical equa- 
tions. When all of the electric charge patterns (y-y*) 
in any (m, 1) subshell are added together, the corre- 
sponding equations show that the directional in- 
equalities cancel out, producing a spherically sym- 
metrical electron distribution. For example, the 
meridian variations disappear because the product of 
the complex conjugates yields <”"*-e—*"*, which is unity 
for any value of m or ¢. Similarly, all the lateral 
equations in a subshell add to give the terms of the 
expansion (sin? @ + cos?@)', which also remains unity 
for any value of @ or /. Therefore when groups of 
patterns are completed, all the electrons cancel one 
another’s directional peculiarities so that they are 
completely inert toward directed bond formation, 
7. €., any directed interaction with other atoms. This 
gives a plausible explanation why the inert gas con- 
figurations are inert, why ‘‘symmetry means stability” 
in analogous ionic configurations, and why only the 
unbalanced outer or valence electrons form atom-to- 
atom bonds and are involved in chemical changes. 
The inner electrons, except for their symmetrical re- 
pulsion, behave as though they are not there. 

Pauling (33) has gone still further on empirical 
grounds, and has shown that these wave pattern 
equations (atomic orbitals) can be additively combined 
to produce the tetrahedral bond pattern of carbon-like 
atoms, the octahedral bond pattern of iron-like atoms, 
and other variations. However, the methods of apply- 
ing these atomic patterns to molecules are too uncer- 
tain to verify Pauling’s results. 

While speculations on linear combinations of atomic 
orbitals (“LCAO”’’) await more convincing proofs and 
justifications, much progress has been made in devel- 
oping the competing hypothesis of molecular orbitals. 
Fajans (34) recently has cited considerable evidence to 
show that molecules in themselves may have wave 
patterns like those in atoms; e. g., the subshells in the 
over-all CO or Nz molecule are strongly suggestive of 
those in the neon atom. Similar ionic analogies exist 
in the CN~ and NOt ions. . The most active frontiers 
in atomic studies lie in these directions. 


IX. SPECTROSCOPIC STUDIES 


Spectroscopic studies such as the interpretation of 
complex atomic spectra, the resolution of molecular and 
nuclear structures, and the determination of basic 
chemical affinities in terms of binding energies, are 
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closely related to atomic structure studies. The 
wave-mechanical model emphasizes particularly well 
the inherent difficulties in these problems. It clearly 
shows that the different electrons within the same 
atoms or molecules cannot be treated as independent 
particles. Through their wave patterns, these elec- 
trons perturb or influence each other in a complex 
manner. The separate patterns blend into single con- 
figuration patterns, each combination being uniquely 
different from all others. Thus the enormous number of 
mathematically permitted pattern combinations alone 
explains why a very few changing electrons can give rise 
to thousands of energy level differences, or spectrum 
lines, for a single element. These complex atomic 
spectra reveal many simultaneous multiple-electron 
transitions. These occur as naturally as single-elec- 
tron ‘‘jumps”’ because the combination wave patterns 
(configurations) change as a whole. 

The wave-mechanical model, besides explaining the 
naturalness of perturbations and multiple-electron 
transitions, also gives (1) a plausible time-continuous 
mechanism for the ‘‘jumps,” (2) a mathematical 
accounting for the line intensities as transition prob- 
abilities, and (3) mathematical reasons for the selection 
(transition) rules. 


X. SPECULATIONS 


Finally, it is appropriate to conclude with an honest 
reminder that many pressing questions remain un- 
answered, and many more comprehensive generaliza- 
tions await discovery. A recent announcement (35) 
raises the speculation that biological processes may be 
remotely related to atomic wave patterns. Some col- 
laborating biologists and electronics experts have per- 
fected a high impedance electronic voltmeter which 
consumes less than a micro-micro ampere of current. 
With this ultra-sensitive probing instrument, they have 
proved conclusively that every living organism—egg, 
plant, or animal—has a characteristic electrical field 
pattern. This may have far-reaching significance, and 
at least ought to draw attention to these far more 
minute atomic patterns. For a long time it was sus- 
pected that the strange, orderly ‘‘dance of the chromo- 
somes’ in the nuclear process of cell division might be 
directed by some kind of electric field radiating from the 
polar bodies through their asteroids, but the mecha- 
nism is still a mystery. Yet, without doubt, all our 
sensory perceptions and physiological ‘‘directives” 
are transmitted by intricate impulses which are purely 
electrical in nature. Perhaps a certain universal 
electrical pattern rules these biological processes, and 
there may be some remote connection between these 
biochemical patterns and the infinitely smaller atomic 
patterns, just as visible crystalline forms reflect the 
symmetry of their component atoms. 

These are mere speculations: it is far more important 
to remember that the wave-mechanical interpreta- 
tions alone are successful in interpreting (1) Atomic 
spectra and the Periodic System, (2) molecular spectra, 
(3) valence or intramolecular forces, (4) van der Waals 
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or intermolecular forces, (5) metallic nature, (6) 
magnetism, (7) nuclear structure and nuclear phe- 
nomena. Margenau and Setlow (36) give an excellent 
summary of these successes. The theory is supported 
by the soberly awesome ‘experimental miracles,” as 
Margenau calls. them, of the cyclotron, betatron, and 
electron microscope. 
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FIGURE 1 





SEMIMICRO gas generator should be a small 

compact unit delivering desired volumes of gas 
at a convenient rate and pressure. It should be easily 
moved, stored, cleaned, and recharged and should re- 
quire relatively small amounts of reacting substances 
for gas production. Its operation should be simple, 
convenient, and safe in inexperienced student hands. 
It is the purpose of this brief article to describe the 
construction and operation of such a generator. 


ae 


FIGURE 2 


Details are shown in Figure 1. The apparatus is 
made of pyrex. D isa cylinder approximately 35 mm. 
O.D. and 90 mm. high, with a base 70 mm. in diameter. 
The sealed-in inner tube C has an external diameter of 
about 18 mm., is about 160 mm. long and has a hole E 
in the bottom not larger than 2 mm. in diameter. The 
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FIGURE 3 


distance from the bottom of C to the base of Dis 10 mm. 
C is fitted with a No. 2 one-hole rubber stopper bearing 


a U-tube. To this is attached a piece of rubber tubing 
A and a conventional bubble-tube. A 20-inm. exhaust 
tube is fitted with a short section of rubber tubing B. 
A removable pinch clamp is used to close A or B as 
desired. 

The generator may be charged to deliver hydrogen 
sulfide by adding 15 cc. of 6 N HCland a lump of ferrous 
sulfide about 1 cc. in volume. The rubber stopper 
bearing the delivery tube with the clip at A is inserted 
and the generator is ready for use. (See Figure 2.) 

Hydrogen sulfide may be delivered to a solution by 
opening the clamp at A and closing the exhaust before 
inserting the bubble tube in the solution. If gas 
generation is to be attended, the clamp may be trans- 
ferred to a resting place on the delivery tube and the 
exhaust closed by covering with the thumb. If genera- 
tion is to be unattended the clamp is transferred from A 
to B. (See Figure 3.) Releasing the clamp at A 
permits acid to flow through £ into the reaction cham- 
ber C. Closing the exhaust at B provides for a poten- 


. Ficure 4 


tially high pressure, since the acid may be expelled 
from the reaction chamber C only by compressing the 
air in D by a volume equal to that of the acid in C. 
This pressure amounts to more than an atmosphere and 
is adequate for pressure precipitations. 

When ferrous sulfide is placed in acid, it tends to dis- 
integrate. Particles sometimes fall through E into D 
and generate hydrogen sulfide forcing more acid up 
into C. (See Figure 4.) When 15 cc. of acid are used 
the volume forced into C will never be sufficient to fill 
this tube much over half full, and thére is no danger of 
the acid and ferrous sulfide frothing over into the solu- 
tion. 

Operation may be discontinued by moving the 
clamp to A. The generator may then be stored in an 
upright position with practically no further evolution 
of H2S. Cleaning is accomplished by removing the 
rubber stopper and setting the unit under the tap. 
Water passes through C, washing the ferrous sulfide, 
and sweeps all acid from D through the exhaust. 

The apparatus may also be used for the production of 
carbon dioxide, nitric oxide, and hydrogen. 


*‘Some of the seed corn of American scientific progress for years has been ground 
- up to make a day’s feed for the war machines,”? charges the American Institute of 
Physics as concern grows that our future scientists may be sacrificed to the war. 





Sir Prafulla Chandra Ray 


(August 2, 1861-June 16, 1944) 


JOSSELYN L. FARMER 


University of Cincinnati, Cincinnati, Ohio 


N THE death of Sir P. C. Ray, India has lost one of 

her great scientists. His passing will not be felt 
alone by the world of science, for his was not a life spent 
in the confines of alaboratory. Like all truly great men 
he gave of himself richly; he had an impassioned inter- 
est in the progress of humanity. 





Photo by courtesy Amrita Bazar Patrika 


“ScIENCE CAN AFFORD TO Wait But Swaraj CANNOT.” — 
P: C. Ray 


The education of Prafulla Chandra Ray was well 
fitted to prepare him for the role he was to play as a 
searcher after truth, as a teacher, as a humanist. His 
early schooling was received in India where, at 21, his 
excellent academic record brought him one of the two 
Gilchrist Scholarships, which permitted him to continue 
his higher studies in Europe. He obtained his D.Sc. 
degree from the University of Edinburgh in 1888 on a 
thesis in inorganic chemistry. During his sojourn at 
Edinburgh he was a fellow student of Alexander Smith 
and James Walker; he derived much inspiration from 
Crum Brown, his teacher. ; 

He returned to India in 1889 and was appointed As- 
sistant Professor of Chemistry at the Presidency Col- 
lege in Calcutta; in 1911 he became its Senior Pro- 
fessor. In 1916 he joined the University College of 
Science as Palit Professor of Chemistry and here con- 
tinued his inspirational teaching and research. Besides 
several hundred original papers on chemical topics, 


P. C. Ray published his ‘‘History of Hindu Chemistry.” 
These two volumes (1902, 1908) were the scholarly fruit 
of 15 years of painstaking research and are.a splendid 
contribution to the history of science. His autobio- 
graphical volumes (1932, 1935) entitled ‘Life and Ex- 
periences of a Bengali Chemist’”’ have been character- 
ized as ‘‘containing a message of highest endeavor, pul- 
sating with vitality and intellectual force.”’ 

Among his other contributions to the field of science 
were the founding of a school of chemistry and the in- 
auguration of the Indian Chemical Society. In con- 
nection with the latter, an example of his generosity 
may be cited. He donated 12,000 rupees toward its 
building fund. This characteristic generosity was 
evinced in many other ways. In 1921, in his 60th year, 
he started his annual custom of giving his salary to the 
University, a donation which he continued until his 
retirement in 1936. Out of this fund several research 
prizes have been established. In 1902, Prafulla Chan- 
dra gave his shares in the Bengal Chemical and Phar- 
maceutical works, which he had founded two years 
earlier, to form a Board of Trustees for conducting a 
school and carrying out other benevolent enterprises in 
his native village in the district of Khulna. 

This esteemed chemist and teacher was sent to 
Europe several times by the Government of Bengal. 
Honorary degrees were conferred by the Universities of 
Durham, Calcutta, Decca, and Benares. In 1911 he 
was made a Companion of the Order of the Indian Em- 
pire and he was knighted after the first. World War. 
In 1920 he was elected General President of the Indian 
Science Congress and, some years later, was ‘made an 
Honorary Fellow of the Akademie of Munich and of the 
London Chemical Society. 

His efforts as a social reformer and his philanthropi- 
cal activities showed not only his unfailing generosity 
but his stern adherence to unselfish and humanitarian 
principles. Politically, he favored self-government and, 
convinced that an India torn by dissension among her 
people could never achieve independence, he fought 
strongly for Hindu-Moslem unity. In P. C. Ray, 
India has lost a great man, one who found the strength 
to express his nobility of soul in many fields, each of 
which will long cherish the inspiration that contact with 
him brought in such full measure. Little wonder that 
he was often called ‘‘the saint of science.”’ 


The higher men climb, the longer their working day. Leaders have no office hours. 
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A Case Study of College General Chemistry 


MARTIN MEYER 


Brooklyn College, Brooklyn, New York 


ONTEMPORARY reflection upon educational 
procedures has in some areas developed into some- 
thing so adversely critical that it has been described 
literally as a war on science. 
begun to have repercussions upon chemistry and the 
teaching of chemistry. With no commitment with 
respect to decision on issues involved in the controver- 
sies such as the conclusions as to past performance, the 
objectives for the future, or the various ills and pana- 
ceas proposed or prescribed, an objective examination 
of an existing situation is never a bad thing and the 
present circumstances furnish as good a reason for such 
an examination as any. One need not point out to 
chemists that experimental observations are likely to be 
fair guides for the extrapolation of curves. 

To provide some data of that nature as one sample in 
more specific answer to the questions that are now be- 
coming familiar to all chemical educators, the question- 
naire presented herewith, which differs only in being 
a little more inclusive than similar ones we have 
periodically employed, was prepared. 

The questionnaire was given to 159 students, that is, 
to all students who are at this date completing our 
Chemistry 2. That course is the second of a two- 
semester course in college chemistry for which one year 
of high-school chemistry is a prerequisite, and while 
chemistry is not a “required” subject for the bac- 
calaureate degree at our school, students who elect 
chemistry and have that preparation must take this 
course first. We have another and different course for 
students who have not had high-school chemistry and 
those students did not receive the questionnaire. That 
arrangement is one method of solving other problems 
which educators will recognize, but these associated 
problems are also solved in other ways elsewhere. No 
effort is herein made to advocate the correctness of our 
solution as an alternative to the other methods of sub- 
dividing the student body. As stated, this effort had as 
its principal purpose that of providing data which would 
throw light on comments which would be equally valid 
or invalid for the other methods. Those comments have 
been made locally by members of our own faculty as 
well as representatives of the secondary school system. 
The course in question comprises what is usually com- 
prehended by first-year college or general chemistry 
with the stated limitations. Except for the fact that 
the intelligence rating of this group by any test is 
possibly above the general college median, there is no 
reason to suppose that it is other than a representative 
group of liberal arts students. 

In securing the student responses every effort was 
made to avoid leading the replies. Although the 
questionnaire, reproduced below, carries a line for the 


Quite naturally it has. 


student’s name, they were informed that if they so de- 
sired, they could omit that. Based upon more than 20 
years of contact with the local student body, the writer 
has the conviction that the absence of that specific 
direction would not have inhibited the self-expression of 
any appreciable percentage of the students but it is 
perhaps worth while stating that the direction was given 
and a few students took advantage of it. 


QUESTIONNAIRE—CHEMISTRY 2 
Spring, 1945 


Name College Class Chemistry Class. 
1. a) High School Chemistry Grade___._b) General H. S. 
Grade____._ c) Grade in Chemistry 1 d) 
Expected Grade Chem. 2 e) General College 
Index 
a) Did you find it worth while to take a year of college 
chemistry after a year in High School?_____ 
b) Did you find the course easy, difficult, or average? 
What aspect did you find the most difficult? 








What change would you suggest in the course? 





Do you intend to take elective work in chemistry? 
Do you intend to major in chemistry? 
a) Did your intention change during the year? 

b) If you expect to take more elective work, why? 








a) Why did you take this course originally ?____ 





b) If you expect to major in chemistry, why? 





If you do not expect to take more work in chemistry, 
why not? . 








How does this course compare for you with other college 
work, that is harder, easier, more or less interesting, 
etc. 

a) than other science work 

b) than nonscience work 








ANSWERS TO QUESTIONNAIRE 


Unless otherwise clearly indicated, the numbers and 
letters of tables below refer to the corresponding ques- 
tions on the questionnaire. 


Ratio of high-school chemistry grade to general high- 
school average. 
b) Ratio of college chemistry grade to high-school chemis- 


try grade. 
c) Ratio of college chemistry grade to general college 
index. 


#8) 


Pe =] <1 No Answer 
Number... 52 69 28 10 
Percent... 33 44 17 6 
Number... 5 27 121 6 
Per cent... 3 17 76 4 
Number... 25 63 33 38 
Percent... 16 39 21 24 
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2. Yes No No Answer 


a) Number... 138 17 4 
Per cent... 87 11 2 
b) Easy Difficult Average No Answer 


Number... 4 59 93 3 
Per cent... 2 37 59 2 


3. 132 (83 per cent) answered. 27 (17 per cent) no answer. 
Problem Work 52 = 33 per cent 
Memory Work 33 = 2i per cent 
Chemical Equilibrium 10.2 per cent 
Balancing Equations 3 per cent 
All other chemical topics (on 

which not more than 2 
students agreed) 

All other topics (including 
such comments as pecu- 
liarities of instructors, 
written quizzes, laboratory 
reports, lectures, text- 
books, and the time inter- 
val since last chemistry 


= 10.9 per cent 


9 = 5.7 per cent 


4. 95 (60 per cent) answered. 64 (40 per cent) no answer. 


More practical application, 

less theory 15 = 
Less practical application, 

more theory 13 = 
More time on laboratory 


9.5 per cent 
8.2 per cent 
8 5 per cent 

4.4 per cent 


4.4 per cent 
2.5 per cent 


More timeon problem work. 7 
Shorter Course 


Not more than two students agreed on any other 
answer, but other answers included less emphasis on 
problem work, more emphasis on lectures, more lectures, 
fewer lectures, less laboratory work, omit wr'tten 
quizzes, a different textbook, a different course for 
students who do not go on in chemistry, etc. 


Yes No No Answer 


107 48 4 
68 30 2 


No No Answer 


94 if 
59 4 


No No Answer 


112 10 
70 6 


Interest in Chemistry 28 = 17 per cent 
Preprofessional Require- 
ments 63 = 40 per cent 


No Answer 68 = 48 per cent 


Interest in Chemistry 24 = 16 per‘cent 
All preprofessional require- 

ments [of which the larg- 

est single group was 

“chemists” 36 = 23 per 

cent. More than 10 other 

purposes were specified 

such as medicine, den- 

tistry, engineering, nurs- 

ing, home economics, and 
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other science specializa- 
tions, but no group had 
more than 10 (= 6.4 per 
cent) members] 

General curricular require- 


92 = 58 per cent 


34 = 21 per cent 


5 per cent 


18 per cent 
Interest in Chemistry 16 per cent 
“Easier than Physics” 


No Answer 


66 per cent 


10.7 per cent 
7.5 per cent 
4.4 per cent 
3.2 per cent 
1.9 per cent 
1.3 per cent 


Lack of interest in chemistry. .. 
Time does not permit.......... 
Not required to do so 
Too difficult 
Lack of ability in chemistry 
Other interests 
Lack of proper preparation 
No answer 


iu ud doveu a 


70 per cent 


Per cent 
22.4 
14.6 
18.4 
28.7 
15.6 
12.0 
24.0 


a) More Interesting 
Average Interest 
Less Interesting 
More Difficult 
Average Difficulty 
Less Difficult 
No Answer at All........ 
Per cent 
More Interesting 56.5 
Average Interest 
Less Interesting 
More Difficult 
Average Difficulty 
Less Difficult 
No Answer at All........ 


CONCLUSIONS 


For this group the conclusions which follow appear to 
be valid. 

1. The students’ level of achievement in chemistry 
in college is definitely below what it was in high school, 
but it is more consistent with their achievement in 
other fields of learning. 

2. An undeniably conclusive percentage of students 
consider it worth while to take a college course in 
general chemistry after high-school work regardless of 
whether the student intends to go further in chemistry 
or not. Indeed, it gives more correct emphasis to say 
that only a vanishingly small percentage do not accept 
that statement. 

That conclusion is important because it bears directly 
upon one of the proposals very strongly urged by people 
in the secondary schools. Those latter press for what 
they call ‘‘more recognition” of high-school chemistry 
by excusing students who have had it from the ap- 
parently corresponding courses in college. The mech- 
anisms as advocated are presented in several forms. All 
add up to considering high-school work in part or in the 
whole the equivalent of college work by excusing stu- 
dents from taking part or all of college courses in general 
chemistry, and allowing them to proceed directly with 
analytical and advanced chemistry courses. It is, 
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therefore, especially significant to find that upon this 
proposal which is demonstrably unsound on a theoretic 
educational basis, the opinion of the students, whether 
they are aware of the problem or not, disagrees; and 
even in the case of the small percentage who agree, one 
can find little support for some of the chief arguments 
usually advanced in support of the desire. 

It is usually alleged that the proposed change will 
enable students to progress more rapidly in chemistry 
where they now feel that the present method retards 
them unnecessarily. The stated results prove im- 
mediately that the last half of that statement is sta- 
tistically untrue. A study of the questionnaire of the 
17 students who seem to agree with the first part (those 
who answered ‘“‘No’”’ to question 2a) discloses some 
interesting failures to correlate with the larger group 
in other respects. 

On question (1) tabulated as previously done, their 
results are as follows: 


<1 No Answer 


a) Number... 6 
Per cent... 47 35 
b) Number... 2 14 
Per cent... 12 82 


c) Number... 5 8 
Per cent... 30 47 2 


It is apparent that the chemical achievements of this 
group exhibit the same trend as the other group but to a 
much greater extent, and the drop in the level of 
achievement during the transition to college is es- 
pecially marked. 

One gathers the distinct impression that this group 
contains the poor students rather than the better ones, 
something which certainly is not to be expected in 
terms of what the assertion, which is being disputed, 
causes one to infer. Replies to question 2b make this 
more apparent. These students reply: 


Easy Difficult Average No Answer 


1 12 4 0 
6 70 24 0 


That is clearly not in line with the larger group and 
shows a larger percentage to find the college course 
difficult—again an unexpected result. 

The answers by these same students to question 10 
reflect similar conclusions and the results are: 


Per cent 


12 

0 
30 
35 

0 
24 
24 


35 
0 

30 

60, 
0 
6 
6 


10. N umber 


a) More Interesting 
Average Interest 
Less Interesting 
More Difficult............. 
Average Difficulty 
Less Difficult 
No Answer at All.......... 


More Interesting 

Average Interest 

Less Interesting 

More Difficult............. 
Average Difficulty 

Less Difficult 
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From these answers, one gathers that as a group 
these students have less interest in chemistry than the 
Finally on questions 5 and 6, 


group taken as a whole. 
these students reply: 


No No Answer 


10 2 
60 10 


11 
65 


It would, therefore, seem valid to conclude that the 
advocated opinion is truer for poor students who do 
not intend to take any more chemistry than for those 
for whom chemical education is principally designed. 
As a purely practical matter, the problem for this 
group would be better met by their not taking chemistry 
in college at all than by modifying educational pro- 
cedures for them, since in the main it would appear that 
they are not the students who would be affected by the 
change. 

In addition, it should be considered educationally de- 
sirable to raise rather than to lower the level of college 
achievement in chemistry. Theoretically it seems obvi- 
ous that the proposed change would necessarily lower 
college levels. Let us accept the premises: 

1. A year of college work is more than the equivalent 
of a year of high-school study, say, in the ratio of 2 to 1. 

2. The level of presentation of a college course is 
principally determined by 


a) the average previous preparation of the class, and 
b) the range between the best prepared and the most 
poorly prepared students in the group. 


Under a régime such as our present one, the best 
student—that is, the one who has had high-school 
chemistry—enters his second year of college work 
with three years of previous preparation figured in 
this way; and the poorest student, who has had no 
high-school chemistry, with two years; 1. e., the average 
level is 2.5 years with the difference between the 
average and the extremes of 20 per‘cent. Under the 
new proposed arrangement, it would be better if the 
student did not take chemistry in high school at all, for 
if he did he would enter his second year of college 
chemistry with only 1 year of preparation, while the 
student who took chemistry in college would have an 
equivalent of 2 years. The average level would thus be 
represented by 1.5 and the variation of the extremes 
from the average would be 33 per cent. It is, there- 
fore, conclusively clear that the adoption of this pro- 
posal would markedly reduce the quality level of col- 
lege courses in chemistry. 

3. It is interesting to note that college chemistry is 
regarded by students as a difficult rather than an easy 
course, especially as compared with nonscience work. 


(Continued on page 336) 





Ultraviolet Absorption Spectroscopy 


IRVING M. KLOTZ 


Northwestern University, Evanston, Illinois 


SA result of recent developments in both the theory 
and techniques of ultraviolet absorption spectra, 
there has been an increasingly wider application of this 
tool to many chemical problems of structural and 
analytical nature. Theoretical advances have been 
made by application of quantum-mechanical princi- 
ples, in an approximate manner, particularly by 
Mulliken (1), Sklar (2), and Forster (3). Technical 
improvements have been highlighted by the develop- 


ment of ultraviolet-sensitive photoelectric cells and by 


the manufacture of inexpensive, ultraviolet-trans- 
mitting, high-silica glass. With these new aids it is 
frequently possible to settle problems of structure in a 
few hours, where classical chemical methods might 
take many months. Similarly, difficult and insensitive 
analytical techniques may be replaced by precise and 
rapid procedures. 


NATURE AND ORIGIN OF ULTRAVIOLET ABSORPTION 
SPECTRA 


As in the case of atoms, the absorption spectra of 
molecules are to be attributed to transitions, upon ab- 
sorption of energy in the form of radiation, from states 
of low energy-content to those of high energy-con- 
tent. In contrast to sharp-line atomic spectra, how- 
ever, molecular spectra are broad, that is, spread over 
a relatively wide range of wave lengths. The difference 
may be understood readily by reference to a diagram 
(Figure 1) of the energy levels in the two species. In 
atoms, separate levels arise from the different energies 
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FIGURE 1.—ENERGY LEVELS 


associated with different distributions of the electrons. 
In molecules, in addition to the different energies 
accompanying various distributions of the electrons, 
there is also associated with any given electronic 
arrangement various possible modes of vibration be- 
tween the atoms, each with an attendant difference in 
energy, and for each mode of vibration there is a num- 
ber of possible modes of rotation also accompanied by 
differences in energy. Rotational energy-differences 
are small in comparison with vibrational energies and 
the latter, in turn, are of a lower order of magnitude 
relative to differences in energy of electronic states. 
As a result a complex energy-level diagram is obtained 
for molecules and many transitions are possible in which 
the differences in energy are very close, as is indicated 
in Figure 1. According to the Bohr relation the fre- 
quency (v) of the light absorbed is directly proportional 
to the difference in energy, HE, — F,, between the two 
states involved in the transition, 7.e. 


w=kh—- (1) 


where / is Planck’s constant. Consequently, with 
molecules, large numbers of lines in close proximity are 
observed. In most cases, these lines are so close that 
they cannot be distinguished with an ordinary spectro- 
graph and hence appear as a broad region of absorption 
called a band. ; 

Ultraviolet spectra have been recorded from 4000 
A. U., the generally accepted lower limit of the visible 
region, down to almost 10 A. U. Since almost all sub- 
stances, including quartz and air, are opaque to wave 
lengths below about 2000 A. U., this region of the 
ultraviolet spectrum is still not convenient for chemical 
applications. It is primarily in the region above 2000 
A. U., that simple techniques and fruitful interpreta- 
tions are available. 

If a molecule is to absorb radiation near or above 
2000 A. U., it must, in general, possess a number of 
possible resonance forms, whose interaction leads to the 
different electronic energy-states described in Figure 1. 
In general, the normal or ground state can be repre- 
sented by resonance among nonionic structures whereas, 
the high-energy, excited state of the molecule is com- 
posed of contributions from ionic structures (1). For 
example, in the case of ethylene, the ground state can 
be represented essentially by a single nonionic form, 
H.C=—=CHb2, while the excited states arise from reso- 


+ _ 
nance primarily between the ionic forms H,C—CH, and 


- + 
H,C—CHe. The difference in energy between the 
normal state and the first excited state corresponds to 
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the energy of the radiation (1800 A. U.) absorbed by 
ethylene and other simple olefins. 

The greater the resonance between a set of struc- 
tures, the lower will be the energy of the molecule in the 
state made up of these structures, 7. e., the greater will 
be the stabilization of this state. Resonance is in- 
creased by increasing the number of possible configura- 
tions of a molecule. A substituent which modifies a 
inolecule so as to increase its possible resonance forms, 
will, in general, increase the number of configurations 
contributing to the excited state to a greater extent 
than it will increase the number contributing to the 
ground state. Consequently, the excited state is 
stabilized more than is the ground state, and the 
difference in energy between the two is decreased. 
The radiation corresponding to a transition between 
these two states will be shifted to longer wave lengths, 
1. €., toward the visible, in comparison to the absorp- 
tion of the unsubstituted molecule. An example of 
this effect is shown by the series of compounds listed in 
Table 1. With increasing conjugation, the number of 
resonance configurations contributing to the excited 


TABLE 1 
Wave LENGTH OF MAXIMUM ABSORPTION AS A FUNCTION OF CONJUGATION 


Wave Length of Maximum 
Absorption (A. U.) 


2080 
2610 
3020 
3300 


Substance 


CH:—CH=CH—COOH 

CH:—(CH=CH):—COOH 
CHs—(CH=CH);s—COOH 
CH:—(CH=CH):—COOH 


state is greatly increased, in comparison to the contri- 
butions to the ground state, and the maxima in the 
absorption spectra are shifted progressively toward 
higher wave lengths. 

In contrast to conjugated systems, if two absorbing 
groups are insulated from each other, the absorption 
curve will be approximately that given by the summa- 
tion of the absorptions of the two constituents. Thus 
] 0 hexadiene, H,.C==CH—CH,;—CH,—CH=CRHb, 
has an absorption spectrum in the ultraviolet 
which is almost identical with that of pentene-l, 
CH;CH,CH,CH=CHag, except that the intensity in the 
former case is approximately twice that in the latter (5). 

Since ultraviolet absorption spectra are so sensitive 
to the constitution of the molecule it is difficult to cor- 
relate absorption bands with particular chemical 
groups. A few groups, however, when isolated from 
possible conjugation show distinctive bands. Some 
examples are listed in Table 2. 


' APPARATUS AND MATERIALS 


An instrument capable, of measuring absorption 
spectra consists of four parts: (1) a source of radia- 
tion; (2) an optical arrangement for obtaining mono- 
chromatic light; (3) a photosensitive device; (4) a 
mechanism for evaluating the intensity of transthitted 
radiation. 

The sources of ultraviolet radiation (6, 7) usually fall 
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into one of two categories. Some of them, such as the 
various spark electrodes, give discontinuous spectra, 
consisting frequently of a great number of lines so that 
the entire ultraviolet region is covered. Often it is de- 
sirable to have only a few lines in a particular region of 
the spectrum. In that case special arcs containing the 
rare gases or metals such as bismuth or cadmium are 
available. Mercury arcs operated at low pressures can 
also be made to give radiation primarily in a small re- 
gion of the spectrum (8). For sources of continuous 
ultraviolet light, the hydrogen arc is used widely (9). 
High-pressure mercury arcs-are also available to give 
largely continuous radiation. For the region just short 
of the visible, a frequent strategem is to overload an 
incandescent lamp, ‘and thereby obtain continuous 
radiation to somewhat below 3500 A. U. Naturally 
this method is limited by the decreasing transmission of 
shorter wave-length radiation by glass. 

The spectrographs and monochromators used for 
work in the ultraviolet are similar in design to those 
used in the visible, except of course, that quartz prisms 
and lenses must be employed. Grating instruments 
have been constructed also. The design and operation 
of these optical systems are discussed fully in recent 
books (6, 7, 10). 

Three methods are in use for the detection of ultra- 
violet radiation. The photographic plate has been, 
until recently at least, the most common device. 
Within about the past decade ultraviolet-sensitive 
photocells have been perfected to the state of com- 
mercial availability, and because of their rapidity and 
convenience are gradually replacing the photographic 
method except in cases where the fine structure of the 
spectrum is of interest. In addition to the phototube 
and photographic plate, fluorescent screens have been 
adapted to the detection of ultraviolet radiation. This 
latter technique is rapidly falling by the wayside but it 
is still convenient in many problems (11). 

To measure the relative intensities of radiation two 
alternative methods are available. Various devices 
such as a quartz wedge, a variable-aperture sector, or a 
rotating sector, respectively, may be inserted at the 
entrance end of the spectrograph or between the exit 
end of the spectrograph and the detettor of radiation, 
and by adjusting these devices one may vary the 


TABLE 2 
ABSORPTION_MAXIMA OF CHEMICAL GROUPS 
Wave Length of Maximum (A. U.) 
1800 


2800 


3000 
3450 
3700 


Group 


Yenc’ 


Yc=0 


amount of light transmitted. These attachments have 
been used both with photocells and the photographic 
plate. The second alternative is to measure the rela- 
tive intensity after the radiation has been received by 
the detector. For photographic plates a micropho- 
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tometer would be used to scan the spectrum and record 
relative densities. With the photocell, a wide variety of 
electronic circuits are available for amplifying and 
recording the intensity of the radiation (12, 13, 14). 


FIGURE 2.—BECKMAN ULTRAVIOLET SPECTROPHOTOMETER (14). 

A, Licut Source; B, HOUSING FOR QUARTZ PRISM AND AMPLI- 

FIER-CONTROLS; C, COMPARTMENT FOR ABSORPTION CELLS; D, 
COMPARTMENT FOR PHOTOCELL AND AMPLIFIER-TUBE. 


A 


2 
ofc 4 
J 





FIGURE 3.—OPpTICAL SYSTEM OF BECKMAN ULTRAVIOLET SPEC- 
TROPHOTOMETER (14). THE RADIATION FROM A HYDROGEN ARC, 
A, 1S FocusED AND REFLECTED BY Mrrrors B AND C AND 
PASSES THROUGH THE LOWER OF Two SITs AT D. IT IS THEN 
REFLECTED BY THE COLLIMATING Mrrror, FE, REFRACTED BY 
THE Prism, Ff, AND RETURNED TO FE, BY REFLECTION FROM THE 
ALUMINIZED BACK-SURFACE OF THE PRISM. THE RADIATION 
REFLECTED AGAIN FROM E PASSES THROUGH THE UPPER SLIT AT 
D, AND, AFTER TRAVERSING THE ABSORPTION CELL, G, IMPINGES 
UPON AND ACTIVATES THE PHOTOCELL, H. 








FIGURE 4.—ULTRAVIOLET PHOTOMETER FOR ANALYSIS OF SOLU- 

TIONS (17). A, HoUSING FOR THE LIGHT-SsOURCE; B, VOLTAGE 

STABILIZER; B’, CURRENT STABILIZER; D, ABSORPTION CELLS; 

F, HousING FOR PHOTOCELL; G, AMPLIFIER; H, GALVANOMETER; 
K, POTENTIOMETER. 
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A very convenient commercial spectrophotometer is 
the Beckman instrument (14), a photograph of which is 
shown in Figure 2. The optical system of this apparatus 
is illustrated in diagrammatic form in Figure 3. The 
instrument is a direct-reading, photoelectric device, 
very simple to operate, and has been used successfully 
in many problems investigated in this laboratory 
(15, 16). Its cost with a complete complement of ac- 
cessories is about $1500. 

For most applications to quantitative analysis, it is 
unnecessary to have a complete spectrophotometer, 
for the absorption of radiation of a single wave length 
can be used to measure concentrations. A very simple 
instrument (17) which is suitable for most quantitative 
purposes has been constructed in this laboratory and is 
illustrated in Figure 4. It is shown schematically in 
Figure 5. This apparatus uses a source of radiation 
which is essentially monochromatic, and hence elimi- 
nates the need of a monochromator. Operation is there- 
by simplified materially, and the expense of construc- 
tion considerably reduced. This instrument can be 
assembled for less than $150. 

For the examination of solids and liquids, a wide 
variety of solvents is available. Where it can be used, 
water is most convenient, since it can be employed with 
a minimum of purification, a single redistillation usually 
being sufficient. As organic solvents, methyl and ethyl 
alcohols, chloroform, diethyl ether, hexane, and cyclo- 
hexane are among the most common. In general these 
solvents will require careful purification. A very gen- 
eral and convenient procedure has been developed 
recently (18) in which light-absorbing impurities are 
removed by adsorption on silica gel. However, no 
matter how careful the purification, it is still desirable 
to use one batch of solvent for a given investigation, for 
then small differences in the absorption of two different 
samples of solvent will not affect the precision of the 
results. 


APPLICATIONS TO ANALYTICAL PROBLEMS 


Ultraviolet absorption spectra are frequently useful 
in ascertaining the nature of an unknown substance. 
It must be recognized, however, that in general these 
spectra cannot be used to identify an unknown sub- 
stance unless auxiliary information is at hand. If a 
compound is one of a limited number of possibilities 
it is quite possible that an examination of the spectrum 
will give an unambiguous answer. For example, 
Holiday (19) was able to show that the growth factor in 
a particular bacterial concentrate was nicotinic acid, 
rather than one of a number of other possibilities, by 
comparing the positions of the fine-structure bands for 
four known possibilities and for the unknown in the 
concentrate. The position of these bands in NaOH 
solutions is shown in Figure 6. The presence of nico- 
tinic acid in the concentrate is readily apparent. 

Ciminera and Wilcox (20) have shown that ultra- 
violet spectra can be adapted to the qualitative analy- 
sis of sulfonamides. All of these compounds have ab- 
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sorption maxima near 2600 A. U., and hence a mere com- 
parison of these positions is not very reliable. How- 
ever, a very dependable criterion is the comparison of 
the ratios of the absorptions at two wave lengths, 
usually selected on each side of the maximum. The 
observed ratio may be compared with a table of ratios 
calculated from data on a large series of known sul- 
fonamides, and the unknown sulfonamide, if pure, may 
be identified. 

The widest analytical application of ultraviolet ab- 
sorption spectra is in quantitative estimations Many 
simplified pieces of apparatus have been designed to 
serve in the analysis of liquids and gases and with 
suitable precautions a very high order of precision is 
obtainable. ; 

In quantitative analyses absorption of light and con- 
centration may be correlated by the relation known as 
the Beer-Lambert law, 


log Ip/I = ecd 


where J is the intensity of the radiation passing through 
the solvent, J, the intensity passing through the solu- 
tion, c, the concentration of solute in moles per liter, 
d, the length of the cell, and ¢, a constant at a given 
wave length, and known as the molecular extinction 
coefficient. If a particular substance obeys this equa- 
tion, the density, log I)/I, at a given wave length will 
be a linear function of the concentration. Frequently 
deviations from linearity are observed, particularly at 
high concentrations. For such cases it is merely neces- 
sary to obtain a calibration curve of the density versus 
concentration and to use this graph to read off concen- 
trations in an unknown. 

In connection with quantitative work it is often of 
interest to be able to estimate the sensitivity of detec- 
tion to be expected in any particular case. Such an 
estimate can be made readily, from a knowledge of the 
extinction coefficient of the substance and of the 
sensitivity of the apparatus toward differences in 
intensity of light. For example, in a simple apparatus 
which has been designed for the analysis of solutions 
(17) differences in light intensity of about 0.2 per cent 
can be determined. With absorption cells which are 10 
cm. in length, the minimum detectable concentration 
for a given extinction coefficient can be calculated 
readily by substitution in the Beer-Lambert equation, 
and a series of values so obtained is listed in Table 3. 


TABLE 3 
SENSITIVITY OF DeTEcTION (17) 


Minimum Detectable Concen- 
tration (Mol Liter ~1) 


3 X 10-8 


Extinction Coefficient 
(Liter Mol-1 Cm.~) 


10,000 
1,000 
100 

10 

1 


Since most aromatic compounds have extinction 
coefficients of 10,000 liter mol~! cm.—, it is obvious 
that analysis by ultraviolet absorption is exceedingly 
sensitive for these substances. Two organic examples 
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FicurE 5.—ScHEMATIC DIAGRAM OF ULTRAVIOLET PHOTOMETER 
(17). LicGHT FROM THE Mercury Lamp, A, WHOSE INTENSITY IS 
MAINTAINED CONSTANT BY THE VOLTAGE AND CURRENT STABI- 
L1zERS, B, PASSES THROUGH THE DIAPHRAGM, C, THEN THROUGH 
ONE OF THE ABSORPTION CELLS, D, AND FINALLY THROUGH THE 
DraPHRAGM, E, WHEREUPON IT IMPINGES ON THE PHOTOCELL, F. 
THE CURRENT OF THE PHOTOCELL IS AMPLIFIED IN G, OBSERVED 
ON THE GALVANOMETER, H, AND MEASURED PRECISELY WITH THE 
AID OF THE POTENTIOMETER, K. 


as well as an inorganic application are illustrated in 
Figure 7. In these cases the Beer-Lambert law is not 
obeyed and hence a calibration curve was obtained for 
each compound. With this chart available, analyses 
can be carried out very rapidly and with high precision. 

Since the absorption of ultraviolet radiation by many 
organic substances is so strong, it is often possible to 
analyze vapors as well as liquids or solutions. To de- 
tect low concentrations in the gas phase one must have 
available a very sensitive apparatus, a number of which 
have been described recently (21, 22, 23). These in- 
struments are capable of detecting differences in in- 
tensity of radiation of the order of 0.01 per cent. Their 


listed in Table 4. 

Many thermodynamic and kinetic problems fre- 
quently can be reduced merely to problems in analysis. 
The determination of equilibrium constants is an ex- 
ample. The problem is usually one of determining the 
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FicurE 6.—POoOSITIONS OF FINE-STRUCTURE BANDS IN SOME 
PYRIDINE DERIVATIVES (19) 
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FIGURE 7.—ABSORPTION AS A FUNCTION OF CONCENTRATION (17). 


A, PHENOL; B, SULFANILAMIDE; C, PoTasstuM NITRATE. 


TABLE 4 
SENSITIVITY OF DETECTION OF VAPORS IN AIR (22) 


Sensitivity (in Parts per 


Substance Million of Air) 
Mercury 0.0001 
Xylene 0.2 
Aniline 0.3 
Chloroprene 0.5 
Toluene 1.0 
Acetone 5 
Carbon disulfide 12 
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quantities of given substances in equilibrium with each 
other, without disturbing the equilibrium. Absorption 
spectra offer a convenient approach (24). Thus the 
ionization constant of the anilinium ion of sulfanilamide 
(15) has been determined by measuring the absorption 
of ultraviolet light in solutions where the acid and basic 
forms, respectively, are predominant, and in a solution 
of intermediate pH where both forms are present in 
approximately equal proportions. This example is a 
particularly favorable case, for as can be seen in Figure 
8, the absorption of the acid form differs markedly from 
that of the base. However, there are many other cases 
where similar large differences are observed (24, 25). In 
such circumstances it is possible to determine ionization 
constants with a precision which equals, if it does not 
exceed, that obtainable with the electromotive force 
and conductivity methods (26). 

These methods are not limited to reactions in solu- 
tion. Both equilibria and rate problems in the gas 
phase have been investigated with ultraviolet absorp- 
tion spectra as the analytical tool. For example, the 
degree of dissociation of cyanogen, C2Ne, into CN radi- 
cals at high temperatures has been measured by the 
absorption of radiation at 3883 A. U. (27), and from the 
equilibrium constants at various temperatures, heats of 
dissociation and bond energies have been determined. 
Similarly, Frost and Oldenberg (28) found the ab- 
sorption of radiation at 3064 A. U. by the OH radical a 
particularly convenient method of following the very 
rapid rate of disappearance of this radical after its 
formation by an electric discharge through water vapor, 
and hence a suitable approach to the study of the 
mechanism of this reaction. 

Very extensive applications of spectral methods have 
been made to the analysis of substances of biological 
interest. Particularly convenient are some of the 
methods of vitamin assay which have been developed. 
For example, it is now quite common to determine 
concentrations of vitamin A by the absorption of 
radiation near 3300 A. U., the position of the absorp- 
tion maximum (Figure 9). Many simplified instru- 
ments have been designed to obviate the necessity of a 
monochromator (30, 31, 32). A calibration 











curve from one of these (30) is shown in Figure 
10. 

Information on many other substances of 
biological interest is available in books by 
Morton (33) and by Heilmeyer (34). 

It is possible to analyze multi-component, 





10,000 














as well as single-component systems, by absorp- 
tion of ultraviolet light. Where such a mixture 
is under consideration, the Beer-Lambert law 
becomes 


log Io/I = (a C1 + €2C2 + oe d 


where the subscripts refer to the respective 





FiGuRE 8.—ABSORPTION SPECTRUM 
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components. In these cases however, it is neces- 
sary to use more than one wave length of light; 
in fact one must determine absorptions at as 
many wave lengths as there are unknown con- 
centrations. The actual limit in the use of this 
method is the tediousness in the solution of a large 
number of simultaneous equations. Nevertheless, 
the method has been found economical in many 
cases (35). With the recent development of a 
‘“Spectrocomputer,’’ an _ electrical instrument 
which can solve 11 simultaneous equations in a 
few minutes, spectral methods may be extended 
more widely to multi-component systems. 


S 


Relative Absorption 
oo 
S 
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APPLICATIONS TO STRUCTURAL PROBLEMS 


Since the ultraviolet absorption spectrum of a 
substance depends on the chemical constitution 
of the molecules, spectroscopic information has 
been used very frequently to choose between alter- 
native structures. 

Kharasch and Tawney (36) found that isophorone 
(I) in the presence of methylmagnesium bromide and 
ferric chloride is converted into an isomer whose 


structure may be either (II) or (III). Examination 
H;C CH; H;C CH; H;C CH; 
a oN 
> on > 
| | | 
CH; CH; CH; 


oe (II) (IID) 


of chemical and physical data did not permit an 
unambiguous decision to be made. Ultraviolet 
spectra, on the other hand, afford a clear criterion, 
for structure (II) being conjugated should show 
an absorption maximum near 2600 A. U. whereas 
structure (III) would exhibit only a small peak, 
characteristic of the carbonyl group, near 2800 
A.U. The spectra of the isomer and some related 
compounds are shown in Figure 11. Clearly, the 
molecule must have structure (III). 

Ultraviolet spectra have also been very power- 
ful aids in the study of the chemistry of the 
steroids. For example, ‘in the case of i-choles- 
tenone (16), two alternatives for the structure of 
the molecule are (IV) and (V). Intheformer, the 
presence of a conjugated system of the type 


log Ip/I 


CsHi7 C;H 17 
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indicated should be accompanied by an ab- 
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FIGURE 9.—ABSORPTION SPECTRUM OF VITAMIN A CONCENTRATE 
LN ABSOLUTE ALCOHOL (29) 
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sorption maximum near 2400 A. U. (38), whereas in the 
latter the double bonds are nonconjugated, and the 
compound should show no pronounced absorption 
above 2000 A. U., other than a small peak at 2800 A. U. 
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FicurE 10.—STANDARDIZATION CURVE FOR U.S.P. REFERENCE 
Cop LIvErR O1t (30). 
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due to the carbonyl group. The observed spec- 
trum (Figure 12) fits neither (IV) nor (V), but is 
intermediate between that of a simple choles- 
tanone such as (VI) and that of a compound such 
as (VII). On the basis of recent concepts of 
resonance (39) such a spectrum would be in order 
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FicuRE 11.—ABSORPTION SPECTRA OF ISOPHORONE (I), A, (36); 
1,3-CYCLOHEXADIENE, B, (37); A*-4-3,5,5-TRIMETHYLHEXENONE 


(IIT), C, (36). 
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FIGURE 12.—ABSORPTION SPECTRA (16) OF 3-CHLOESTANONE 
(VI), A; Carong, B; i-CHOLESTENONE (VIII), C; Aanp A‘-3- 
CHOLESTENONE (VII), D. 
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(VIII) (IX) 


contributions from structures such as (IX) in addition 
to those which exist when the cyclopropane ring is iso- 
lated from the carbonyl group, and these new struc- 
tures will contribute appreciably to the stabilization of 
the excited state of the molecule. Hence the absorp- 
tion spectrum (Figure 12) will be shifted toward the 
visible in comparison to the spectrum of simple choles- 
tanone. On the other hand, resonance of the structures 
indicated would not stabilize an excited state as much 
as that which occurs in a conjugated olefin-carbonyl 
system, and hence 7-cholestenone (VIII) would show 
absorption at shorter wave lengths than A¥‘-3-chol- 
estenone (VII). 


7 i a, A 


(X) (XI) 


Steric hindrance has been a problem of theoretical 
significance in which much interesting information can 
be obtained from ultraviolet spectra. Figure 13 shows 
the absorption curves (40) of o-terphenyl (X) and p- 
terphenyl (XI). At first glance one would be inclined 
to predict that both spectra should be practically 
identical since resonance for substituents in the ortho 
position is about as pronounced as in the para position. 
On second consideration a new factor appears in the 
ortho case, for construction of models and electron- 
diffraction data (41) show that the two rings in the 
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ortho positions cannot be coplanar because of 
steric interference. Resonance between rings, 
however, requires coplanarity, since the substi- 
tuents attached to carbon atoms forming a double 
bond must all be inthesame plane. Apparently, 
then, in o-terphenyl, the steric repulsion interferes 
with resonance, increases the energy of the excited 
state of the molecule (7. e., decreases its stabil- 
ity), and shifts the spectrum toward shorter wave 
lengths, the region of higher energy-differences. 
Similar effects have been observed in many substi- 
tuted biphenyls (42). 

Extensive application of ultraviolet spectra has 
been made in investigations of the structures of 
compounds of biological significance. In the 
elucidation of the constitution of vitamin B, for 
example, spectral evidence was used repeatedly 
to indicate the nature of fragments obtained in 
certain reactions. And one of the final steps in 
the proof of the identity of the natural and 
synthetic substances was the comparison of the 
spectra (43) of a derivative made from samples of each 
kind (Figure 14). Similarly in the proof of the struc- 
ture of biotin (44) the spectra of certain derivatives of 
this substance gave clear-cut indications of the con- 
stitution of the molecule. Many other examples may 
be found by reference to Morton (33) and to a recent 
article by Anslow (45). 


CONCLUSION 


Ultraviolet absorption spectra will find increasing 
application.as people become more familiar with its 
potentialities. As a tool in the determination of mo- 
lecular structure these spectral studies are especially 
useful in distinguishing between conjugated and non- 
conjugated systems, or between configurations with 
very different degrees of conjugation. On the other 
hand, ultraviolet spectra, in general, do not afford a 
reliable criterion for distinguishing between degrees of 
substitution by saturated substituents, or for determin- 
ing their position. In many cases, hawever, by using 
theory as a guide, and by proceeding cautiously 
and with the aid of frequent comparisons with 
the spectra of molecules of known structure, it 
is possible to obtain many clues from which a 
complex structure may be elucidated with a 
minimum of confirmatory chemical studies. 

As an analytical method, ultraviolet spectra 
are applicable to the quantitative estimation 
of many organic compounds, in particular to 
those which are conjugated in nature or which 
contain constituents such as keto or nitro groups. 
For most conjugated substances, the sensitivity 
of the ultraviolet method exceeds by far that 
of other spectroscopic or chemical procedures. 
On the other hand in saturated compounds, as 
well as in simple olefinic substances, ultra- 
violet methods are, as yet, unsuitable, but some' 
promising attempts have been made recently 
(46) toward extending these methods to sub- 
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FIGURE 13.—ABSORPTION SPECTRA (40) OF 0-TERPHENYL (X), 
A; p-TERPHENYL (XI), B. 


stances such as aliphatic alcohols, acids, ethers, and 


olefins. 
Further progress may be anticipated in both practical 
application and theoretical elucidation. 
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A CASE STUDY OF COLLEGE GENERAL CHEMISTRY 
(Continued from page 327) 


On the other hand, however, the general impression 
with reference to other science courses is not one of 
exceptional difficulty. 

The types of difficulty which stand out are problem 
work and the amount of factual material to be memor- 
ized. These difficulties may be somewhat more accen- 
tuated locally, for we may emphasize problem work a 
little more heavily than is usual. The writer has been 
for many years of the conviction that it reflects one of 
the greatest weaknesses of the average chemistry 
student, and our course may be somewhat more 
comprehensive than the average. 

4. As would be expected, student suggestions for 
changes in the course were not very helpful and were 
in the main more or less directly related to their other 
answers. 

5. It is especially interesting to note that more than 
two-thirds of this group intended to take more than this 
one year of chemical work and more than half intended 
to become chemistry ‘majors,’ although not neces- 
sarily for the ultimate purpose of becoming “‘chemists.”’ 
It is also significant to observe that the purpose of 
almost one-fourth of the students changed in the course 
of the year in which they studied chemistry. That 
throws some light on the proposal to have separate 
courses in chemistry for students who do and do 
not intend to go on with the subject. Such ‘‘terminal”’ 
courses will create additional educational problems in 


view of this relatively large group which is uncertain 
in its purposes, even if it be admitted that terminal 
courses are educationally desirable. 

6. The reasons given by students for continuing in 
chemistry, majoring in chemistry, or failing to do so are 
also illuminating. It is gratifying to see that a very 
substantial proportion of students indicate intellectual 
interest quite apart from practical necessities as their 
principal reason for studying chemistry, and that a 
considerable nurhber of others are actually prevented 
from pursuing further study by circumstances which 
are imposed upon them apparently against their desires. 

Educators are familiar with the “vested interest” 
considerations which motivate the designing of curricula 
to make certain subjects required for degrees as one 
means of maintaining the size and prestige of certain 
departments as well as to insure perpetuation of certain 
educational policies. Most chemists have little sym- 
pathy with such considerations, considering them to be 
poor educational policy. These figures and our experi- 
ence indicate that it is unnecessary as well as undesir- 
able with respect to chemistry. Students consider 
chemistry to be at least as interesting as other science 
work, and more interesting than their other college 
work. 

In conclusion the writer desires to express apprecia- 
tion to Miss Muriel Scheinhorn who assisted in part of 
the work of tabulation. 
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Some Observations on the Teaching of Chemistry 


CHARLES H. STONE 


Vermont Junior College, Montpelier, Vermont 


HREE transcontinental trips have afforded the 
EL writer opportunities for visiting a considerable 
number of preparatory schools. Certain conclusions 
have been drawn from observations made in the chem- 
istry classes in these schools. It would be idle to say 
that these conclusions are general, for it is impossible 
for any one person to visit each of the 20,000 high 
schools in this country; but the various faults cited be- 
low have been observed in many schools, and it is be- 
lieved that they may be noted in many more schools 
than the writer was able to visit. The following are 
noted, not all, of course, in any one school. 

1. Dependence upon the text. Teachers are often 
observed who sit at the desk with the book open before 
them, asking questions from it and apparently verifying 
the pupils’ answers by reference to the book. What 
confidence can a class have in an instructor so obviously 
dependent upon the textbook? An instructor in any 
subject who cannot go into his classroom and teach the 
day’s lesson without so much as looking in the book 
doesn’t know his subject as he should, and can hardly 
expect to win the confidence of his pupils. Of course, 
he must turn to the text when outlining tomorrow’s 
lesson, when calling attention to some paragraph 
which may require special study, when directing atten- 
tion to the diagram on page 35 that he wishes the class 
to reproduce, and the like; but in general, the less the 
book is used in the classroom the better. The teacher 
should be the master of the situation, not the servant 
of the printed page. 

2. Failure to use demonstrations. Too frequently, 
in answer to the question: ‘‘What are you doing with 
the class experiment at the teacher’s desk?’ the answers 
have been: ‘Oh, we don’t do anything with that 
here’; or, ““‘We are not equipped for such work’’ (as 
though a demonstration experiment required elaborate 
apparatus and unusual chemicals); or, “I have so 
many classes I just can’t find time to set up apparatus 
and prepare for such work’’ (legitimate excuse prob- 
ably); and, most surprising of all, “I don’t do anything 
with demonstrations because I don’t believe in them. 
It is better for pupils to do their own experiments than 
for the teacher to do them for the class.’”’ This teacher 
evidently did not distinguish between a demonstration 
experiment by the teacher and a laboratory experiment 
by the pupils, two phases of the work which may be, 
and often should be, markedly different. It is incon- 
ceivable that any teacher can fail to see the great value 
of demonstrations as a means of stimulating interest, 
clarifying certain matters, and in general increasing the 
efficiency of the instruction. 


3. Lack of resourcefulness. Here is a case: The 
laboratory directions for an experiment call for lead 
nitrate but there is none in the stock room, although 
there is lead oxide and lead carbonate. The teacher 
announces that the experiment will be deferred until a 
supply of the missing chemical can be obtained. In 10 
minutes that teacher could provide the class with 
enough lead nitrate by the simple expedient of treating 
the available lead compounds with nitric acid. It may 
often happen in any laboratory that some chemical 
may be lacking but there is a good chance that the 
missing substance can be prepared on the spot. Many 
of the chemicals in ordinary use in a school laboratory 
can be prepared. as a project by some of the abler 
pupils. Barium chloride from the carbonate, copper 
sulfate from the oxide, mercurous nitrate from liquid 
mercury, and lead dioxide and lead nitrate by treating 
red lead with nitric acid are examples. 

A summer course in ‘Inorganic Preparations” would 
be an invaluable aid to teachers of general chemistry 
in high schools, and so would a course in “‘Methods of 
Teaching Chemistry” but few of our college summer 
schools offer them. 

4. Failure to follow up the subject. Every teacher, I 
suppose, lays much stress on Priestley’s experiment 
with mercuric oxide, but by inference leaves the pupil to 
suppose that any other oxide would serve the same use. 
Without telling the pupils anything, call several of 
them to the desk and let each one heat the oxide as- 
signed him, testing carefully for oxygen. No simple 
oxide will give this test. With this evidence, it is not 
difficult for the class to arrive at the conclusion that 
simple oxides do not yield oxygen when heated. What 
does your textbook say about this? 

5. Fatlure to enunciate a general principle. The text 
tells George that lime, CaO, is obtained by heating 
limestone, an impure calcium carbonate, CaCQs. 
True, of course, and you can show this in five minutes 
at the desk. But what happens when other carbonates 
are heated? Call to the desk several students and, 
without telling them anything, let each heat, respec- 
tively, the carbonates of lead, copper, cadmium, zinc, 
cobalt. In each case decomposition follows with 
evolution of carbon dioxide and formation of a residue 
of oxide. Extend this investigation further if you wish 
and show that the carbonates of the alkali metals are 
not decomposed, while the carbonates of metals low in 
the displacement series are decomposed to the metal. 
On the basis of this investigation, the class may formu- 
late a general statement, noting the exceptional cases. 
Isn’t it better for Johnny to have a clear understanding 
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of the general statement covering a large number of 
cases than it is for him to try to remember one isolated 
instance? 

6. Failure to use practical tangibles in place of text- 
book intangibles. Not very long ago the writer visited a 
high school and found the teacher of chemistry dis- 
engaged. In reply to the question, “‘What are you 
teaching now?” the answer was, “I am teaching 
equations.” “And how are you teaching this sub- 
ject?” “Why, from the textbook; what other way is 
there?”’ ‘Would you mind coming to your laboratory 
and learning how to teach equations without any book 
at all, provided pupils know their table of common 
valences?’’ So we went to the laboratory and samples 
of solid potassium iodide, lead nitrate, and potassium 
nitrate were placed on the desk. A little potassium 
iodide was put into a test tube and handed to the 
teacher who now took the part of a pupil. “Describe 
this substance.” ‘It is a white solid.” ‘‘Add a little 
water.”” ‘‘The solid dissolves.” Similar treatment 
was given to a small sample of lead nitrate, but this 
time the ‘“‘pupil” found that heat and shaking would 
hasten solution. ‘‘What color are your two solutions?” 
“They are white.”’ (Usual answer.) ‘‘Do you mean 
they are white like paper?” ‘Oh, no, I don’t mean like 
that; they are colorless.’’ ‘‘Pour one solution into the 
other.”” The “pupil’’ did so and a bright yellow sub- 
stance formed. “‘What is this yellow substance?” 
The ‘‘pupil” did not know. ‘Please write the equation 
on the board.”” The equation was correctly written. 
“What are the two products of this reaction?’ ‘They 
are lead iodide and potassium nitrate.” The bottle of 
potassium nitrate was placed forward. ‘What color is 
this substance?” “It is white!’’ ‘‘Could the yellow 
product in your test tube be potassium nitrate?” 
“Why, no! It couldn’t. Oh, I see! The yellow 
product must be lead iodide!’’ And so we went on 
with half a dozen other similar equations. At the end, 
the ‘pupil’ said: “I’ve learned more how to teach 
equations than all I learned m the college where I 
studied.”” This method was so amazingly simple and 
yet this teacher had never thought of using it. Equa- 
tions are generally regarded as an uninteresting topic, 
but taught in this way they become fascinating, for the 
pupil can never tell just what is going to happen since 
a variety of colors may result in different experiments, 
and there is always the element of suspense. 

7. Too much telling. Many instructors seem to 
think that all that is expected of the pupil is that he 
shall remember—remember what the text says and 
what the teacher tells him. Memory, of course, is very 
important and we cannot go very far without it. But 
there is another factor of prime importance, viz., to 
develop in the pupil the ability to observe closely, to 
think carefully, to reason from noted data to some 
definite conclusion, and to keep an open mind and 
modify such conclusions as other data are discovered. 
The instructor tells his class that most carbonates are 
insoluble in water; that is an intangible. Instead, he 


may call to the desk half a dozen youngsters and, with- 
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out telling them anything, have each of them experi- 
ment with the solubility of the carbonate assigned to 
him. The uniform results observed, some questions 
asked, some thinking required, and a definite statement 
should easily be formulated. This method takes more 
time, but it is superior to the telling method in the long 
run for the experimental approach deals with tangibles. 

In one minute an instructor can tell his class what is 
the effect of the formation of an insoluble product in a 
reaction between a liquid and a solid. But better, he 
can call to the desk Anne or Abel and direct the pupil 


to add dilute sulfuric, nitric, hydrochloric acids to some | 


marble chips contained in three test tubes. The reac- 
tion starts off merrily in all three cases, but soon one of 
the reactions slows down and finally stops. Don’t tell 
the pupil anything. Some such questions as these 
may be asked: ‘In these three reactions just where 
must the chemicai action take place?’ (Chemical 
change must occur at the surface of contact.) ‘Is 
there water in the dilute acids used?’”’. (Yes.) ‘“‘If the 
substance formed at the point of contact is soluble in 
water, what will happen?’ (It will dissolve away as 
fast asformed.) ‘“‘If the product formed on the contact 
surface is not soluble in water, what will happen?’ 
(It will remain where formed and gradually build up a 
fence between the acid outside and the marble inside; 
thus a separation of the acid from the marble occurs.) 
“Ts calcium sulfate soluble in water?’ (Not very 
soluble.) ‘‘Do you see then why this particular reac- 
tion slows down and stops?” The pupil may now be 
asked to give a complete statement of the case. In 
some such way the instructor may lead his pupils along 
the road of observation and reasoning using the method 
of tangibles. Which will Abel remember longer, your 
intangible statement or the result of his own experi- 
mentation under direction? 

8. The inane question. One is often surprised at 
the type of questions asked by teachers. ‘‘Oxygen is 
prepared by heating potassium chlorate, isn’t it, 
Jennie?” And of course Jennie says it is. 

“Hydrogen is prepared by the reaction between 
sulfuric acid and—.” To this George replies solemnly, 
“Zine.” What intellectual activity is developed in the 
pupil by such questions? The question which suggests 
its own answer is another useless type. ‘‘Manganese 
dioxide and hydrochloric acid react to produce chlorine, 
don’t they, John?” And John declares they do! And 
if the teacher had said: ‘When sulfuric acid and zinc 
react, the acid drives the hydrogen right out of the zinc, 
doesn’t it, Walter?” Walter would probably say 
that it did! It is so easy for pupils to follow the line of 
least resistance, instead of the mental development that 
follows the question which suggests no answer but 
which puts the pupil on His own to stand or fall. 

Then there is the question devised by the meticulous 
teacher who wants to cover all possibilities. ‘Mildred, 
what would you say is the general reaction between 
acids and metals, excluding those metals high in the 
displacement series and therefore too active, and those 
low in the series which are inactive, and excluding those 
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acids which are only feebly ionized such as acetic acid 
and those which have oxidizing properties such as nitric 
acid?” 
the pupil’s head is in a whirl. 
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The whole subject of the methods of asking questions 


has been set forth by Romiett Stevens in a pamphlet 


When the teacher has finished that question published by Columbia University as a master’s thesis. 
The contents are most interesting and valuable. 


Demons in Demonstrations 


ELBERT C. WEAVER 
Phillips Academy, Andover, Massachusetts 


HE demons in demonstrations are five malevolent 
monsters: money, minutes, mystery, monotony, and 
muss. 


I 


The first demon of this exhibit is an S-shaped creature 
with a green back. He has two broad stripes down his 
back, a coppery tail, and a silvery head. He is a con- 
stant annoyance, but he becomes especially obstinate 
once or twice a year. The most frequent habitat of this 
demon is the offices of school superintendents, princi- 
pals, and purchasing agents. He is the demon known to 
us all—the expense demon, money. 

In most cases we have a limited or a shriveled budget 
for supplies., The cost per pupil for apparatus and 
supplies in science courses brings many a raised eye- 
brow in the purchasing department. The published 
catalogs of scientific supply houses disappoint the bar- 
gain hunter’, and somehow the most desirable pieces of 
apparatus and the most interesting chemicals seem to 
have an almost prohibitive price tag. 

A few methods of subduing the expense demon are 
suggested. We all use glass jars and containers for gas- 
collecting bottles, generators, and for holding specimens. 
Today many foods come packed in glass jars which have 
wide mouths and are the size needed for collecting gases. 
Pupils will supply these jars from their homes if re- 
quested, for usually they are thrown away after use. 
For cover plates, cut squares from pieces of scrap win- 
dow glass. Trimmings can be obtained from a local 
picture-framer or glazier to serve this purpose. Labels 
can be made inexpensively from a sheet or a roll of 
gummed paper, and a protective varnish coating can be 
made by dissolving old toothbrush handles in acetone. 
Some chemical supplies can be obtained at local stores at 
reasonable prices, and the ‘‘red tape’’ of a formal order 
in triplicate with priority statements attached may be 
avoided, perhaps. Chemicals that sometimes may be 
purchased locally to advantage include Epsom salts, 
lye, common salt, Glauber’s salt, blue vitriol, triso- 
dium phosphate, bicarbonate of soda, washing soda, 
borax, cream of tartar, saltpeter, tincture of iodine, 
sugar of lead, and sulfur. 





1 An audience-participating demonstration given at the Sixth 
Summer conference of the New England Association of Chemis- 
try Teachers, Connecticut College, New London, Connecticut, 
August 25, 1944. 


The money monster can never be muzzled completely, 
but he can be kept in check. Whenever practical we can 
order chemicals in large lots, and apparatus in case lots. 
Also, we can check the grade of chemicals to be sure 
that the quality specified in our order is not too good 
for the purpose for which the substance is to be used. 
For example, commercial (technical) quality copper 
sulfate contains some ferrous sulfate, but this grade of 
the compound is perfectly satisfactory for introductory 
electroplating and replacement experiments. For 
quantitative determinations of the percentage of 
moisture in the hydrated crystals, however, we find 
that a better quality with small crystal size is desirable. 

Recoverable residues and by-products may be saved 
from some experiments. We know that in such cases 
the labor cost of the recovery of a small quantity far 
exceeds the money value of the product. If, however, 
the instructor selects the right pupil and suggests that 
crystals can be coaxed from an unlikely-looking mass 
of material, the results may be valuable in terms of 
education. 

A satisfactory method of dispensing solids to pupils 
in the laboratory consists of the following procedure: 
Two-inch squares of used paper are cut, and the proper 
amount of solid reagent is placed on the paper by the 
instructor or assistant, one paper for each member of 
the class. This eliminates waste and the messy effect 
so often noticed around the supply shelf. For dispens- 
ing small quantities of liquid reagents, several glass 
tubes are put into an open jar of the liquid. The pupil 
covers the top of the tube with his thumb or finger and 
transfers the proper small amount of liquid within the 
tube to a test tube. For volatile liquids, the glass tube 
is inserted through a stopper of the jar or bottle, the 
same dispensing technique that is used in semimicro 
work. 

II 


The second demon is a stout, pompous, and verbose 
creature. He has the habit of changing his attention 
from one subject to another. His procrastination is 
famous. He is called lack of time, or the minutes 
monster. He comes out of his haunt and prowls when 
the principal extends himself at school assemblies, 
when political rallies, athletic events, quasi-patriotic 
meetings, air-raid drills, and dramatic performances 
interfere with the time regularly allotted to classroom 
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instruction. This demon also clutches some instructors 
in his coils when undue time is given to outside job, 
civic project, or recreation. 

Among the ways to overcome the demon of lack of 
time is to use demonstrations which do not require 
extensive preparation for setting up, to use the same 
set-ups from class to class and from year to year, and to 
have a conveniently arranged storeroom. 

Here are some effective demonstrations which require 
a minimum of preparation: 

1. Hold a burning match in the mouth to show that 
exhaled air contains oxygen by withdrawing it lighted; 
or show a second time that lack of oxygen extinguishes 
the match by withdrawing it extinguished. 

2. Use an ordinary candle for experiments relative 
to burning: (a) blow out and ignite the vapors, (0) 
snuff out by pinching the flame; (c) show that carbon 
is produced by incomplete combustion. 

3. Carry flame in cupped hands between two Bun- 
sen burners, one burner lighted and the other turned 
on but not lighted. 

4. Add metal dust to the flame of a Bunsen burner. 

5. Show that the luminous flame of the Bunsen 
burner is not particularly hot by holding the moving 
hand within the sooty flame. 

6. Make scorch pictures to show the structure of the 
Bunsen flame (both horizontal and vertical cross 
sections), using sheets of paper or light cardboard. 

7. Show the sodium test by clapping the hands near 
a Bunsen flame. 

8. Show the tempering of steel by using bobby pins. 

9. Show the leavening action of several baking 
powders by adding equal quantities of water to equal 
amounts of different brands of baking powders in tall 
jars and stirring. 


III 


The third demon is alluring, but unsatisfying. She 
courts attention, gains confidence, and then disap- 
points the learner by leaving the $64 question un- 
answered. The mystery monster lurks in apparatus 
that is too complicated, in apparatus that is too small 
to be seen clearly, in tiny or illegible writing on the 
blackboard, and in many situations which the teacher 
does not appreciate, but which are appalling to the 
timid beginner in chemistry. 

The visibility problem can be solved in many ways. 
Obviously, large apparatus and skill in showmanship 
are necessary. The microprojector purchased either as 
a single unit or assembled is useful for showing change 
of state, crystallization, replacement, and other 
experiments. 

When the apparatus is small by nature, a large 
diagram on the blackboard will help, or, better, a pre- 
pared chart. Models of commercial apparatus are 
well-known teaching aids. Once manufactured and 


properly stored, models add to the fund of enrichment 
which a teacher brings to the chemistry course. Models 
of a sulfur well, blast furnace, filter bed, contact sul- 
furic acid plant, and other industrial apparatus are 
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scaled down, but a working model of a Bunsen burner 
can be scaled up and constructed from glass tubing. 

The Cottrell precipitator? can be demonstrated by 
using a rather complicated apparatus. It is desirable 
to say a few words about the equipment for changing 
the characteristics of the supply of electric current 
(rectifier and induction coil), and about the process of 
producing smoke chemically (blowing air successively 
over bottles of concentrated hydrochloric acid and 
strong ammonia water), but attention should be drawn 
chiefly to the fact that a strong electric field attracts a 
charged particle moving through it. 

The mystery demon is not an altogether undesirable 
lady in moderation, for she can become an effective 
helper when a subject is introduced by tingling the 
imagination of the pupils. 

The decomposition of ammonium dichromate when 
heated is a good experiment for showing an example of 
a chemical change to beginners, even if they do not 
understand all about the change at that time. Chang- 
ing water to ‘‘wine’’ using phenolphthalein somewhat 
in the manner of a stage magician is a good introduc- 
tion to the topic of neutralization and indicators. In 
this experiment the importance of a proper background 
to improve visibility is brought out. 

An excellent way to dispel mystery is by using ex- 
hibits that include materials and pamphlets. An ex- 
hibit of sulfur, sulfides, and sulfates is readily assembled 
in almost any laboratory. An exhibit of sodium com- 
pounds that can be purchased at a grocery store brings 
the subject closely home. An exhibit showing the vari- 
ous types of crystals is sure to attract attention. 


Form Example 
1. Cubic KCl, NaCl 
2. Tetragonal KH2POu, NiSO«, SnOz 
3. Rhombic Iz, MgSOu, KNOs, K2SOu, ZnSOx 
4. Monoclinic BaClz, KC1O:, NazCOs, NazSOs, (COOH): 
5. Triclinic CuSO;, CaS2O03 
6. Hexagonal LiKSO,, Srlz 


When we speak of a compound, we should have the 
substance present on display on the lecture desk. 
Merely saying that common salt forms cubic crystals is 
not as effective a teaching method as exhibiting some 
large salt crystals and measuring their dihedral angles 
with a carpenter’s square or bevel. 

The mystery monster should never roost on a piece of 
apparatus and spoil its effectiveness. While some of the 
details of certain pieces of apparatus need not be ex- 
plained, the main purpose of each piece of apparatus 
should be definite in the mind of the pupil. One in- 
structor gets out apparatus, waves at it, seldom makes 
it perform, and then complains of the lack of interest on 
the part of the pupils. Contrasted to this, another 
instructor purposely puts the apparatus slightly out of 
adjustment, feigns perplexity, tells how the apparatus 
is supposed to operate, and bemoans his difficulty in 
getting it to function. A few pupils from the class 
quickly take over, and the instructor plays the part of 





2 STONE, HosMER W., “‘A lecture demonstration of the Cottrell 
precipitator,”’ J. Cem. Epuc., 5, 1001 (1928). 
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Tom Sawyer in whitewashing the fence in Mark 
Twain’s famous story while the pupils learn by actual 
performance. 


IV 


Beware of the monotony monster, especially on the 
day before a rainstorm. The author of a well-known 
texbook sent these suggestions: ‘““The teacher has to 
be something of a born actor and enter into the experi- 
ment with the pupil’s enthusiasm, forgetting for the 
moment that he has done the experiment many times. 
Often the teacher rushes through the experiment and 
doesn’t stress the points illustrated. Also he fails to 
call on the class to assist in the demonstration and the 
pupils take little interest in it. Scatter the demon- 
strations along as they come in ‘pat.’ Pupils soon for- 
get what we tell them, but they often remember what 
they do or see us do, especially if the experiment didn’t 
go as expected. But experimental failures must not 
happen often or the class loses interest in chemistry or 
its confidence in the teacher’s ability.” 

Various means are available to avoid monotony. 
Among them are the injection of humor, a change of 
pace, a change of voice, the use of color in both experi- 
ments and blackboard crayon, changing the tempera- 
ture of the room, and, most important of all, an attitude 
of contagious enthusiasm on the part of the demon- 
strator. : 

Examples of advantageous application of color in 
blackboard diagrams include the Sicilian and the 
Frasch methods of obtaining sulfur, Lavoisier’s classic 
experiment in which he proved the part played by the 
air in ordinary burning, Priestley’s preparation of 
oxygen from mercuric oxide, and equations for the 
formation of colored precipitates such as antimony 
sulfide, arsenic sulfide, and silver chromate. 

Actually plunge a red-hot silica or Vycor crucible into 
cold water and find out what happens. A green-edged 
flame about two feet high from a flask containing boil- 
ing alcohol, sulfuric acid, and borax is an arresting sight, 
demonstrating the test for the borate radical. Quota- 
tions read from original sources are helpful to vary the 
classroom program. .But among all these means, the 
greatest aid to overcome monotony is pupil participa- 
tion. 


Vv 


The demon muss is a mocking morister. When the 
dismissal bell rings and the teachers beat the pupils in 
the race for the schoolroom door in the rush to get the 
big wages at the defense factories, then the chemistry 
teacher is left alone to grapple with the monster, muss. 
Not only must chemistry apparatus be taken out, 
assembled, and set up, but it must also be washed, 
cleaned, and put back into the storeroom. In this 
respect, chemistry demonstrating is unique, in fact, 
uniquely unpleasant. Some of the most enlightening 


experiments make quite a little muss, and they spatter, 
especially if they get out of control. 
The thermit reaction is well worth the trouble it takes 
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to demonstrate, even if sometimes a crucible cracks and 
molten steel and slag coming through mar the top of 
the lecture desk. 

Even the simplest reaction of double replacement 
calls for the use of at least one vessel which must be 


cleaned afterwards. But the billowy garnet clouds 
of silver chromate, or the brilliant yellow dense precipi- 
tate of lead chromate are well worth all the muss they 
make. 

Demonstrating relative vapor pressure calls for 
careful adjustment and construction of manometers. 
Three equivalent bell jars have rubber stoppers at the 
top through which a manometer partially filled with 
colored water projects. The bell jars are placed over 
evaporating dishes containing, respectively, equal 
quantities of water, alcohol, and ether at the same 
temperature. 

For demonstrating equilibrium, a large vesset is re- 
quired. Bismuth trichloride is placed in water and 
stirred. The reaction 


BiCl; + H,O = BiOCl + 2HCl 


is made to go either way by the addition of water or by 
the addition of hydrochloric acid. 

The settling of muddy water by a floe of ferric hy- 
droxide or aluminum hydroxide needs a large vessel and 
a lot of material for a really effective demonstration. 
This is very mussy to clean. 

Tops in muss is the demonstration of fire foam. A 
dish of burning gasoline is shown to be unextinguishable 
by pouring in water. Then a mixture of sodium bi- 
carbonate and licorice powder in water is stirred with 
concentrated aluminum sulfate solution. The result- 
ing suds is allowed to roll over the edge of the beakers 
holding the solutions onto the gasoline fire, but often 
it doesn’t stop at the edge of the dish containing the 
burning gasoline. Like “ole man river,” it just keeps 
rolling along. 

Coagulating warm milk by acetic acid leaves a 
grabaceous residue, and the many Dry Ice experiments 
can result in considerable muss. These experiments are - 
well worth the discomfort of cleaning up. Here, then, 
is a demon which must be endured, but he can be sub- 
dued by skill and industry. * 

Following is a list of references on lecture demon- 
strating in chemistry. 
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Spot Reaction Experiments 


Part X: Topochemical Reactions 


FRITZ FEIGL 


Laboratorio da Producio Mineral, Ministerio da Agricultura, Rio de Janeiro, Brazil 


(Translated by Ralph E. Oesper, University of Cincinnati) 


F THE formation of materials involved nothing be- 

yond certain chemical reactions, then every chemical 
change that runs its course according to its stoichio- 
metric formulation would always give rise to products 
of the same form-species, color, solubility, and the like. 
Every experienced chemist knows that this does not 
happen in all cases, and he clearly recognizes the fact 
that a chemical equation, even though it presents the 
most important part of the chemical event, nonetheless 
cannot give a total picture of what happens when a 
material is formed. For example, variation of such 
conditions as concentration, temperature, pH, the 
order of adding the reactants, the presence of accom- 
panying materials, etc., not only affect the initiation 
and completeness of a precipitation, but, at times, 
cause the material to appear in different forms and grain 
sizes, or even with different colors or solubilities. 
Furthermore, unexpected and unpredictable side reac- 
tions may ensue, and to varying extents. It is clear 
then that besides a main chemical reaction, supple- 
mentary chemical and physical factors play a signifi- 
cant part. Consequently, the production of a material 
by chemical means should be viewed as the end result of 
the combined actions of all the chemical and physical 
relationships that obtain during the entire process. A 
special branch of chemistry deals with the dependence 
of specific forms on definite chemical-physical condi- 
tions. V. Kohlschuetter (1874-1939), the founder of 
this field of study, coined for it the apt terms “‘chemistry 
of aggregation forms’ and “genetic formation of 
materials.” 

The formation of solid products by reaction of dis- 
solved materials is a condensation process, proceeding 
from molecular dispersions, since the molecule is the 
smallest independent unit of a compound. The pro- 
duction of a new solid phase, whose forerunners are 
often colloidally dispersed, is governed by the pre- 
liminary formation of nuclei. These consist of invisible 
molecular aggregates. The growth to visible forms 
occurs only on such nuclei. Such nuclear growth is 
called crystal development when crystalline products 
are obtained. Crystal growth is now believed not to be 
a single uniform process. The first step is the ad- 
sorption of dissolved molecules on the existing crystal 
faces, and the adsorbate then takes its proper place 
in the crystal lattice. Consequently, if the nuclei ad- 
sorb foreign solutes in place of their own molecular 
species, the growth of the crystals may be retarded, or 
even entirely prevented, or the product may not have 
its usual crystal form. It is common practice in pre- 
parative chemistry to keep the surfaces of the nuclei 


free by removing the crystallization retarders by 
means of activated charcoal or other adsorbents. 

The production of nuclei, and likewise the growth of 
crystals, proceed at definite rates that are dependent 
on the nature of the materials, the degree of super- 
saturation of the solution, pH, the nature of the co- 
solutes, etc. It is obvious that the formation of nuclei 
has great influence in the production of a new solid 
phase and the ease of detecting its presence. Further- 
more, it is clear that the size of the individual crystals 
is determined by the relation of the rate at which 
nuclei are formed to the speed of growth. If nuclei 
are produced slowly, while the crystals grow rapidly, 
a few large crystals will result rather than numerous 
small ones. Under reversed conditions, the tendency 
will be to produce many tiny crystals. If similar con- 
siderations hold for the production and growth of 
amorphous solids, or in the formation of solids by the 
decomposition of gaseous reactants, a determining 
influence of the conditions or the reaction environment 
will be exhibited in these cases also. The production of 
nuclei and the rate of growth will be affected, and con- 
sequently also the form of the solid reaction products. 
The effect extends also to color and solubility, since 
these properties are often linked with the particular 
form of the material. An important environmental 
factor in the chemical production of materials is that the 
production of nuclei, which is the primary process in 
the formation of a solid phase from molecular disper- 
sions, is often affected by substrates on which the 
nuclei can settle. A well-known instance is the break- 
ing down of supersaturated solutions by invisible dust 
particles. If, therefore, a reaction theater is charged 
with an indifferent solid on which nuclei are formed more 
rapidly, as soon as the solubility product of the desired 
material is exceeded, a ‘‘local condensate’’ will be ob- 
tained, either exclusively, or along with the normal 
“space condensate.”’ Cases are known in which the 
form-species and other properties are quite different in 
the two condensates. On the other hand, conditions 
sometimes obtain in the formation of local condensates, 
which are lacking in the production of space conden- 
sates. This occurs if the solid phase introduced into 
the reaction theater is per se not homogeneous. It 
may have spots containing other materials (impurities) 
or there may be local structural differences (surface 
defeets, crystal edges, etc.). Such factors have a 
specific effect on the formation of nuclei. These in- 
fluences may be due to altered adsorption ability of the 
whole surface, to local differences in adsorbability, 
or to solubility and reactivity of or at particular areas 
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of the solid phase. Inhomogeneities and structural 
differences, that play a role here, are vanishingly few 
in comparison with the myriads of molecules uniformly 
distributed throughout the reaction space. Conse- 
quently, lacking direct contact, they have no effect on 
these molecules. On the other hand, their number is 
not negligible in comparison with the molecules in their 
immediate neighborhood. Furthermore, the extraneous 
solid phase introduced into a reaction space may be a 
precipitate produced there. Although this material 
may apparently be indifferent, the principle of in- 
homogeneity will also apply to its surface. Accordingly, 
in the limited area of a phase change, processes are 
sometimes possible which can be significant in determin- 
ing the composition, form-species, and other properties 
of a local condensate. Reaction conditions in a limited 
space, which differ from those in a homogeneous ex- 
tensive volume, are also encountered when a solid func- 
tions as a direct reactant. This situation may arise in 
two ways: (1) the reaction takes place directly on the 


¥ surface involving molecules or atoms that are still part 


of the lattice; (2) dissolved constituents of the solid 
may react quite near their parent substance. In both 
cases, the resulting products may differ somewhat in 
the rate at which they are produced, also in form and 
properties, from materials of the same composition but 
obtained by other procedures. 

When considering the conditions under which a 
chemical reaction takes place, it is therefore necessary 
to remember that things can happen at interfaces or at 
certain places in a reaction theater which can be of con- 
siderable importance to the chemistry of the aggrega- 
tion form or to the genesis of the product. It is a 
logical generalization of one of Kohlschuetter’s terms to 
designate certain changes as topochemical reactions 
(Gr. roros = place). These chemical changes, thermal 
decompositions, or electrolytic depositions are char- 
acterized by the fact that certain parts of a reaction 
theater exert a definite influence in bringing about the 
chemical change, and also affect the localization, form, 
and other properties of the resulting reaction products. 
In an extended sense, topochemical reactions include 
the fact that the crystal form deposited from a saturated 
solution may depend on the particular substratum used. 

Topochemical reactions can be classified into the 
following types: 


1. Insoluble reaction products remain at the site of their 
formation. 

2. Insoluble reaction products deposit at preferential areas of 
the reaction space. 

3. Insoluble, soluble, or - gaseous reaction products are 
formed at preferred localities and then leave their place of origin. 

4. Dependence of the crystal form of a compound on the 
crystalline substratum. 


Almost all branches of chemistry furnish instances of 
topochemical reactions. The formation of inorganic 
compounds is an especially fruitful field. Typical 
examples are the preparation of certain anhydrous 
metal chlorides (CrCl;, FeCl;, AlCl;, etc.) and the 
formation of iron selenide. These chlorides cannot be 


543 


obtained by desiccating the corresponding hydrates; 
but are formed by passing chlorine over the heated 
metal. Similarly, ferrous selenide is best prepared by 
heating the metal in selenium vapor. Reactions in- 
volving solids, and likewise sintering processes, if not 
purely topochemical, doubtless involve such reactions as 
integral steps. Numerous examples can be drawn from 
analytical procedures. For example, the familiar 
Marsh test for arsenic, which includes the thermal de- 
composition of arsenic hydrides is a topochemical reac- 
tion. In this procedure black arsenic forms, rather than 
the gray variety obtained by reduction of arsenic solu- 
tions by stannous chloride, etc. Without exception, 
spot tests carried out on filter paper impregnated with 
difficultly soluble reagents are topochemical. The de- 
position of the reaction product is localized. As a con- 
sequence, the sensitivity of such tests is much greater 
than that obtainable with the same reactions carried 
out with dissolved reagents in test tubes, or as spot 
reactions on a nonporous surface. The protective layer 
effects, described in Part IV of this series,! which have 
certain applications in analysis, are topochemical. All 
electrolytic separations used for analytical purposes 
belong in this category. Many of the expedients em- 
ployed to obtain adherent deposits are designed to 
secure the most advantageous conditions for obtaining 
the best form of deposit. 

Certain topochemical reactions, such as etching of 
sections and the taking of imprints, are used in metal- 
lography to determine structures and detect inhomo- 
geneities. Topochemical processes that lead to cor- 
rosion or to making metals passive are still more signi- 
ficant. For instance, the use of lead and iron vessels 
in chemical industry is primarily possible only because 
these metals can be rendered passive. 

Topochemical reactions are the basis of photography. 
The production of silver nuclei when films or plates are 
exposed, likewise other processes such as intensification, 
sensitizing, and fixing are localized reactions. 

The importance of topochemical reactions is particu- 
larly great in chemical technology. Both long-standing 
and quite recent processes belong in this category. 
Plating of metals, galvanizing, bronzing of iron and 
brass, hardening of cement, mordant dyeing of textiles, 
sizing of paper, manufacture of white lead, production 
of good adsorbent alumina, activation of bleaching 
earths, are pertinent examples. When solid catalysts 
are used to bring about the reaction of gases, the actual 
catalytic effect often occurs on quite definite areas of 
the solid. Heterogeneous catalyses have found ex- 
tensive industrial applications. The most striking 
proof of the topochemical nature of such effects is the 
enhancement of the catalytic action when mixed 
catalysts are used, or when the catalysts are pretreated. 
Further evidence is the ease with which surface cata- 
lysts are inactivated (poisoned). 

Petrology and mineralogy exhibit the results of topo- 
chemical processes that have proceeded on a gigantic 





1 FEIGL, F., THIS JOURNAL, 20, 298 (1943). 
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scale and over tremendous periods of time. Instances 
are: formation of beds or deposits, new formations of 
minerals and pseudomorphoses (7.e., iron oxide to 
pyrites and marcasite). 

Finally, topochemical reactions also occur in living 
matter, where sometimes they are of great importance. 
The processes of assimilation and metabolism, the de- 
velopment of pathological deposits, and the deposition 
of the contents of plants, which often is highly localized, 
are cases in point. Many processes that occur in living 
cells are reactions within limited theaters, where topo- 
chemical factors can be of great moment. 

This paper was written to introduce this compara- 
tively little known branch of chemistry to a larger 
circle of chemists, particularly students and their 
teachers. Several characteristic topochemical prepara- 
tions that can be carried out as spot reaction experi- 
ments will be described and discussed. 

53. Topochemical Detection of the Volatilization of 
Mercury at Room Temperature. Mercury freezes at 
— 39°C. and boils at 357°C. At room temperature— 
7. €., about 330 degrees below the boiling point—its 
vapor pressure is only 0.001 mm. It has long been 
known that mercury and its salts have a decided 
physiological action. Some years ago heated discus- 
sions were held as to whether prolonged exposure to 
minute amounts of mercury vapor is harmful. There is 
no doubt that metallic mercury continuously evolves 
its vapor, and consequently there is at least potential 
danger in chemical or physical laboratories, where 
drops of mercury are very likely to be spilled and lie 
hidden in cracks in the benches and flooring. Accord- 
ingly, a demonstration of this source of danger is of 
interest to those who work in such laboratories. 

The evaporation of mercury at room temperatures 
can be revealed by a spot reaction experiment. This 
demonstration provides an excellent example of a topo- 
chemical reaction. It also illustrates other points quite 
nicely. This test is also applicable to amalgams, and, 
if modified, to organic mercurials.* It depends on the 
action of free mercury on palladous chloride. The 
reaction: PdCl, + Hg* — Pd® -+- HgCls, occurs almost 
instantaneously. The finely divided palladium is easily 
seen, and appears either gray or black, depending on 
the quantity set free. The reaction occurs if a drop of 
mercury is merely allowed to roll over a strip of pal- 
ladium chloride paper. The sensitivity is much higher 
if the mercury reacts as vapor. 

Procedure: Filter paper is soaked with 1 per cent 
palladium chloride solution and then dried. A droplet 
of mercury is placed in a porcelain crucible, which is 
then covered with a sheet of the reagent paper, that is 
weighted down with a watch glass. At 30°C., a bright 
gray circle (outline of the upper edge of the crucible) 
appears within five minutes. The color gradually 
darkens, and becomes deep black in one to two hours. 
If the covered crucible is left overnight in a refrigerator, 
a dark gray ring will form by morning. At 0°C. 





2 FEIGL, F., ‘‘Spot Tests,’’ 3rd Edition. Elsevier Publishing 
Company, New York, 1945. 
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the vapor pressure of metallic mercury is 0.0002 mm. 

Palladium chloride paper is yellow-brown, and con- 
sequently small quantities of reduced palladium do not 
show up as distinctly as they would against a white 
background. This greater contrast can be secured by 
holding the paper, after exposure to mercury vapor, 
over an open ammonia bottle. The color of the paper is 
discharged almost at once, due to the formation of 
colorless Pd(NHs3),Cle, and the stain becomes more 
perceptible. If the original reaction was definitely 
positive, this intensification is superfluous. 

This test demonstrates a typical topochemical effect, 
since the finely divided palladium remains at the site of 
its formation. The reaction is more rapid if the paper 
is dry rather than moist. This remarkable fact is a 
striking example of the reaction of a solid without inter- 
vention of a solvent.’ 

In this test, the palladium does not deposit immedi- 
ately and the color constantly deepens from light gray 
to black. This interval, in which there is no visible 
separation of palladium, signifies that the threshold of 
discernibility must be reached. During this period the 
mercury is constantly evaporating and eventually its 
concentration in the air space of the crucible reaches a 
value at which it will affect the palladium chloride. As 
soon as this reaction begins, the evaporation equilibrium 

Hg = Hg sis disturbed and the vaporiza- 

(liquid) (vapor) 
tion is resumed. The continuous vaporization of the 
mercury can thus be followed by the aid of this topo- 
chemical test. The reagent paper serves as a trace 
catcher for mercury vapors. The test is a good ex- 
ample of an analytical application of the continuous 
disturbing of an equilibrium. Many tests for dissolved 
materials utilize this same principle. However, in ionic 
reactions the consumption of the reacting ion and its 
subsequent replenishment from a source in equilibrium 
are so rapid that it is not possible, as in the present 
experiment, clearly to differentiate the effect of the test 
from that of the replenishment. The gradual deepening 
of the color of the palladium ring on the paper demon- 
strates also that after the initial coating of the chloride 
by the liberated metal the mercury vapor is able to 
diffuse through inhomogeneities and pores of the coat- 
ing. This process is important in many topochemical 
processes and in the reactions of solids. 

54. Charring of Carbohydrates by Adsorbed Aqueous 
Hydrochloric Acid. Many organic materials are 
charred by concentrated sulfuric acid. This familiar 
effect is due to the extraordinary dehydrating power of 
the acid. The elements of water are abstracted from 
the organic substance leaving free carbon.‘ Analo- 
gously, high-boiling hygroscopic phosphoric acid also 
destroys paper and carbohydrates. The strange fact 
that paper moistened with hydrochloric acid is partially 
charred on heating has apparently not been included in 





3 FeIGL, F., L. I. MrRANDA, AND H. A. SUTER, THIS JOURNAL, 
21, 19 (1944). 

4A test for free sulfuric acid is based on this action. See 
FEIGL, F., op. cit. 
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the literature. At first sight, the action seems illogical. 
Aqueous solutions of hydrochloric acid when heated 
give off, depending on the concentration, either water 
or hydrogen chloride gas. This loss continues until 
an azeotropic mixture is attained. This contains 20.24 
per cent HCl and boils constantly and completely at 
111°C. At this temperature, acid of this concentration 
does not char cellulose or similar materials. None the 
less, if a drop of either the dilute or concentrated acid is 
placed on filter paper, and the paper is then kept on a 
hot plate or in an oven (110°C.) for a short time the 
acidified area chars definitely. This localized—. e., 
topochemical—charring can be explained. Aqueous 
hydrochloric acid is adsorbed by paper; the binding 
probably is through the Cl atom. Adsorbed hydro- 
chloric acid is not completely volatilized (as a constant 
boiling mixture) at 111°C., but gives off water, which is 
replaced immediately by dehydrating the adsorbent. 
Accordingly hydrochloric acid not only effectuates 
charring, but it remains on paper, even at a tempera- 
ture equal to or possibly above the boiling point of the 
constant boiling acid. 

Procedure: A piece of filter paper and a piece of 
cellophane are spotted with 5 N hydrochloric acid. 
The specimens are kept at 110°C. for 10 minutes in an 
oven. The filter paper will be distinctly charred. In 
contrast, the cellophane, which does not adsorb hydro- 
chloric acid, will be unaffected. A strip of moist Congo 
paper is then pressed against the specimens. The 
indicator is not changed by the cellophane, because the 
acid boiled away completely, whereas, the charred area 
on the paper turns the Congo paper deep blue. Conse- 
quently, there is still acid present, despite the fact that 
the paper was heated to the boiling temperature of the 
azeotropic HCl-water mixture. 

55. Topochemical Effect with Amorphous Silica.5 

The red-brown, water-insoluble silver chromate is 
easily soluble in an excess of ammonia water, forming 
water-soluble silver ammine chromate [Ag(NHs)e]2CrO,. 
The solution of this salt is yellow because it contains 
the ions Ag(NHs3)2+ and CrO,-. Solutions of this ammine 
salt present the equilibrium: 2 Ag(NHs3)2+ + CrO, = 
2Agt + 4NH; + CrO,-. The concentration of free 
Agt and CrO,- ions in this equilibrium is smaller 
than that corresponding to the solubility product of 
silver chromate. The formation of silver chromate is 
masked by the presence of ammonia. The equilibrium 
of the masked reaction is disturbed by the addition of all 
materials which consume ammonia. De-masking occurs 
and red-brown silver chromate precipitates. The silver 
ammine chromate solutions can thus be used to detect 
soluble or slightly soluble inorganic and organic com- 
pounds which exhibit acid characteristics. 

It is interesting to note that certain forms of silica 
show a characteristic topochemical behavior toward 
silver-ammine chromate. Pure silica in its crystalline 
form (quartz sand, rock crystal, etc.) does not,react 





5 FeIc., F., ‘‘Laboratory Manual of Spot Tests,”’ translated by 
R. E. OesPER, Academic Press, New York, 1943, p. 155. 
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with this reagent, even though the specimen has been 
finely pulverized. In contrast, amorphous silica, either 
hydrous or ignited, reacts immediately. Consequently, 
the de-masking of this reagent furnishes a means of 
distinguishing between crystalline and amorphous 
silica. 

The action of silica on masked silver chromate solu- 
tion is probably of a different nature than that due to 
slightly soluble acid compounds. The latter cause a 
precipitation of silver chromate as the result of a 
chemical reaction in which the equilibrated ammonia is 
consumed in the formation of an ammonium salt. The 
direct formation of an ammonium salt is not involved 
in the case of amorphous silica, particularly that con- 
tained in ignited products. It is much more likely that 
ammonia is rapidly adsorbed on the surface of the finely 
divided silica. This adsorption likewise disturbs the 
equilibrium and results in the precipitation of silver 
chromate on the surface of the amorphous silica. 
Consequently, silver chromate precipitates on those 
areas of the silica surface at which ammonia is adsorbed. 
This is a typical topochemical effect, which can obvi- 
ously be applied to analytical problems. 

Procedure: A pinch of amorphous silica is placed in 
a depression of a spot plate and one or two drops of 
[Ag(NHs3)2]2CrO, solution added. If the specimen had 
been thoroughly washed and dried, red-brown silver 
chromate precipitates at once. The same effect, but to 
a lesser degree, is obtained with amorphous silica that 
has been ignited. 

Amorphous silica is prepared by evaporating a mix- 
ture of sodium silicate and hydrochloric acid to dryness 
on a water bath. The residue is thoroughly washed 
with hot water. Part of this test material should be 
ignited. Silver-ammine chromate solution is prepared 
as follows: The precipitate obtained by mixing silver 
nitrate and potassium chromate solutions is washed 
well with hot water. It is then shaken with a deficiency 
of 6 N ammonia water. The suspension is allowed to 
stand for an hour, and then filtered. The filtrate should 
be stored in a tightly stoppered container. If the re- 
agent becomes turbid after long standing, it can be re- 
stored to usefulness by filtering. ' 

56. Topochemical Reactions on the Surface of 
Metallic Silver and Copper. If base metals are exposed 
to the action of air or certain chemicals, oxides or other 
compounds are often produced on the surface of the 
metal. Common examples are the visible “rusting” 
of iron in the air, and the rapid formation of an in- 
visible film of oxide'‘on aluminum. Such typical topo- 
chemical processes also include the “‘tarnishing’’ of 
copper or silver when exposed to hydrogen sulfide. 
Frequently, these films of oxide or sulfide protect the 
underlying metal from further attack. Three topo- 
chemical reactions on metal surfaces will be discussed 
here. They are easily demonstrated and have inter- 
esting features. 

A brown deposit is quickly formed when silver foil 
is spotted with permanganate solution. Heat ac- 
celerates the reaction: 
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6Ag + 2KMnQ, + H.0 > 3 AgoO + 2MnO: + 2KOH 


The foil, after washing with water, is stained with an 
adherent mixture of the oxides. Part of the deposit 
may consist of silver manganite, Ag2MnO3;. Silver wire 
or powder coated in this way is used for pharmaceutical 
purposes because it retains its bactericidal (oligo- 
dynamic) powers much longer than bright silver. The 
microorganisms cause the evolution of hydrogen sulfide, 
which in turn produces a coating of nonbactericidal 
silver sulfide on the metal. This decrease in the oligo- 
dynamic action of silver is prevented by the manganese 
dioxide, which consumes the hydrogen sulfide. 

Procedure: The grease is removed from a strip of 
silver foil by rinsing it with ether and alcohol. The 
metal. is spotted with NV/5 permanganate solution and 
warmed for a few minutes in an oven (110°C.). After 
rinsing with water, a brown stain (AgZO + MnOs) 
will be found on the spotted area. The coating will per- 
sist even if the foil is wiped with a wet or dry cloth. 

Another topochemical effect, whose chemistry is 
quite interesting, is observed if copper (or bronze) 
foil is spotted with a solution of selenious acid or, better, 
with acidified sodium selenite solution. A brown-black 
to black stain appears in a few minutes. This reaction 
has been known for a long time and has served as a test 
for selenite. The reaction can be explained as follows: 
Metallic copper does not dissolve in nonoxidizing acids 
because the equilibrium Cu® + 2H*+ = Cutt 4 2H? 
lies almost entirely to the left. If SeO;- ions are 
present they are reduced to free selenium by the 
nascent hydrogen: SeOQ, + 4H® — Se® + 2H.2O. Part 
of the liberated selenium immediately forms copper 
selenide. Accordingly, if these successive steps are 
added (any production of Cut is not taken into ac- 
count), the topochemical reaction on the surface of the 
copper can be written: 


3Cu + SeO;~ + 6H+ — CuSe + 2Cut+ + 3H20 


An adherent dark stain of cupric selenide will be 
formed by even small quantities of selenium. 

Procedure: A piece of copper foil is scrupulously 
cleaned. It is spotted with 1 per cent and 0.1 per cent 
solutions of sodium selenite. On standing, a dark 
spot forms. This is particularly adherent if quite dilute 
selenite solutions are applied to the foil. 

A tarnishing reaction—. e., a topochemical reaction 
between a solid and a gaseous reactant—can be nicely 
illustrated. A concentrated solution of selenious acid, 
or solid SeOs, is placed on silver foil. The specimen is 
then placed in a drying oven (110° to 120°C.). A black, 
adherent spot of AgoSe develops only on the treated 
area. The reaction can be explained easily. Since 


SeO, sublimes at 315°C., it has an appreciable vapor 
pressure at the temperature used in this demonstration. 
The reaction, 2Ag°® + SeO2 — AgeSe + Or takes place, 
and the silver selenide adheres to the foil. 

57. A Topochemiical Reaction of Magnesite that De- 
pends on its Free Surface. The preceding examples of 
topochemical reactions all involved a solid which served 
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as the locale of the reaction, and the reaction product 
was fixed at the site of its formation. The extent of the 
free surface of the solid was not a significant factor. 
However, this is not a universal rule, because many in- 
stances are known in which the available free surface 
of the solid reactant is the deciding factor for both the 
initiation and the extent of topochemical processes. 
A striking example is furnished by contrasting the be- 
havior of magnesite in compact crystals and as a powder. 
These forms differ decidedly in their behavior toward a 
“nickel dimethylglyoxime equilibrium solution.” 

This reagent consists of the filtrate obtained after 
the reaction of an aqueous solution of a nickel salt of 
a mineral acid with a 1 per cent alcoholic solution of 
dimethylglyoxime DH:). Under these conditions, the 
precipitation of the red Ni-dimethylglyoxime is incom- 
plete, since this salt is soluble in acid solutions. The 
filtrate from the partial precipitation thus presents the 
equilibrium: 

Nit+ + 2DH2 = Ni(DH)2 + 2H* 


If H+ ions are removed from this saturated equi- 
librium solution, an equivalent precipitate of Ni-di- 
methylglyoxime results. This reagent can thus be 
used to reveal all materials that are ‘‘basic,’’ using the 
term in its widest sense. It acts toward them as an 
irreversible indicator. ® 

Magnesite is not soluble in water. It consumes H* 
ions (MgCO; + 2H*+ — Mgt+ + CO, + HO) and 
accordingly gives a positive test with Ni-dimethy]l- 
glyoxime equilibrium solution. The reaction occurs 
with practical speed, however, only if the specimen is 
powdered. Small crystals, or the rock in compact form, 
react so slowly that no discernible red precipitate is 
obtained in 24 hours. In other words, the free surface 
determines the occurrence of this topochemical reaction. 

Procedure: A crystal of magnesite is placed in a de- 
pression of a spot plate. A pinch of the ground ma- 
terial is put into an adjacent depression. Several drops 
of equilibrium solution are placed on the test portions. 
The powder turns pink within a few minutes, and soon 
is definitely red. The compact specimen remains un- 
affected even after several hours. If, however, the 
crystal is scratched with a needle, and replaced in the 
reagent, a red streak quickly develops along the in- 
jured surface. 

Preparation of the equilibrium solution: 2.3 g. of 
NiSO,:7H20, dissolved in 300 ml. of water, are treated 
with 2.8 g. dimethylglyoxime, dissolved in 300 ml. of 
alcohol. The suspension is filtered after 30 minutes. 
The clear filtrate is ready for use. It will keep for 
several weeks if stored in stoppered vessels. 

58. A Temperature-dependent Topochemical Effect 
with Calcite. The Ni-dimethylglyoxime equilibrium 
solution can be applied to demonstrate an interesting 
topochemical effect on the surface of calcite crystals. 
Since this material is basic in the sense that it con- 
sumes H* ions it will give a red precipitate with the 


6 FRIGL, F., AND C. P. J. pA Sttva, Ind. Eng. Chem., Anal. Ed., 
14, 376 (1942). 
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equilibrium solution. In contrast with magnes:te, the 
reaction succeeds even with compact crystals or frag- 
ments of crystals, and at room temperature. The sur- 
face of the crystals becomes red. However, if an 
equilibrium solution is prepared from nickel chloride 
and another from nickel sulfate, their reactions with 
calcite in the warm and cold are not identical. Both 
give a red deposit at room temperature. With the 
nickel chloride solution the reaction is faster at higher 
temperatures, an effect that is in line with expectation. 
In contrast, calcite shows no apparent reaction with 
hot nickel sulfate equilibrium solution, and the crystal 
appears to be totally unaffected. 

The basis of this diverse behavior is the presence of 
SO," ions. The reactions can be written: 


Nit+ + 2Cl- + 2DH2 + CaCO; — Ni(DH)2 | + Ca*t*+ + 
2CIl- + H20 + COz 


Ni++ + SO." + 2DH2 + CaCO; — Ni(DH)2 | + CaSO.) + 
H.0 + CO: 


Calcium sulfate is formed in the second reaction and, as 
is well known, it is less soluble in warm water than in 
the cold. (The alcohol may accentuate this differ- 
ence.) The calcium carbonate surface seems to exert 
a considerable influence both on the rate at which 
nuclei are formed, and also on the crystal growth of 
calcium sulfate. Probably, calcium sulfate is adsorbed 
by calcium carbonate, and perhaps even is incorporated 
in its lattice. The consequence is that the calcite 
surface is coated with a film of calcium sulfate, and this 
protective ‘layer prevents the penetration of Ht ions, 
and so prevents a continuation of the reaction that 
produces Ni-dimethylglyoxime. The nonoccurrence of 
this reaction at higher temperatures shows that even 
traces of calcium sulfate are sufficient to provide a 
perfectly coherent, impermeable coating. It is possible 
to approximate the quantities of calcium sulfate neces- 
sary to form this protective layer if account is taken of 
the fact that the presentation of even minute quantities 
of OH~ ions is followed by precipitation of Ni-di- 
methylglyoxime. Consequently, the quantities of 
calcium sulfate must be less than the equivalent quan- 
tity of OH~ ions that can be revealed by the equilibrium 
solution. 

Procedure: A small crystal of calcite is treated on a 
spot plate with several drops of equilibrium solution 
prepared from nickel chloride. A similar specimen, in 
an adjacent depression, is treated with the correspond- 
ing reagent prepared from nickel sulfate. Both crystals 
show a red tint in a few minutes. Several milliliters 
of the two reagents are placed in separate small test 
tubes, brought to boiling, and kept hot in boiling water. 
A small, well-developed crystal of calcite is added to 
each. The reagent containing Cl~ ions immediately de- 
posits red Ni-dimethylglyoxime, while the other, which 
contains SO,- ions, remains unchanged, even after a 
long time. 
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59. Topochemical Detection of Zinc in Zinc Oxide. Tech- 
nical zinc oxide, which is usually manufactured by burn- 
ing the metal in air, often contains small amounts of un- 
oxidized zinc. This contaminant can be detected with 
the aid of phosphomolybdic acid. The metal dissolves 
with production of hydrogen, which reduces the sexi- 
valent molybdenum to lower oxides. These are deep 
blue and the product is called ‘“‘molybdenum blue.” 
Under the conditions prescribed here, the resulting 
colloidally dispersed molybdenum blue remains, at 
first, at the site of its formation. Later, it gradually 
diffuses throughout the whole solution that covers the 
unaltered zinc oxide surface. Consequently, this is an 
instance in which the product is formed topochemically 
and then leaves its birthplace. Traces of metal in metal 
oxides can be detected by applying this reaction. 

Procedure: A pinch of technical zine oxide is placed 
in a depression of a spot plate. Two or three drops of 
5 per cent water solution of phosphomolybdic acid are 
added, without stirring. Any invisible traces of 
metallic zinc develop deep blue points. Some time 
later, these inhomogeneities disappear, and the whole 
supernatant solution becomes light blue or green. For 
comparison, the test should be repeated on a specimen 
of zinc oxide prepared in the wet way, or by ignition of 
zinc nitrate. 

60. Nuclear Effects in the Reduction of Silver Salts. 
The significance of nuclear processes in the development 
of a new, solid phase was pointed out in the introductory 
portion of this paper. A solid phase grows only on the 
nuclei which are preformed. Consequently, the rate at 
which a solid phase deposits from a supersaturated solu- 
tion and the visibility of the precipitate are determined 
by the rate at which nuclei are produced and the speed 
with which they grow. Co-solutes may influence both 
of these factors, and to an appreciable extent. Some- 
times they accelerate, but mostly they retard these 
processes. In addition, the speed of precipitation may 
be increased if solids are present, on which the nuclei 
deposit. The activity of nuclei and a topochemical in- 
fluence of solid materials on the formation of nuclei can 
be demonstrated. The reduction of silver salts serves 
admirably. 

It has long been established that silver nuclei can 
speed up the action of slow reductants on both soluble 
and insoluble silver salts. The development of a 
“latent image” on an exposed silver halide film or plate 
is based on this observation. The exposed areas— 
1. é., the silver nuclei contained in the latent image— 
accelerate the reduction, by the developer, of the ad- 
jacent unchanged silver halide. The acceleration is 
proportional to the number of nuclei present. These 
can be produced by insolating silver bromide that has 
been formed on filter paper by a spot reaction. If the 
spot, which contains invisible silver nuclei, is then 
placed in a solution that contains silver ions and a slow 
reducing agent, the reduction occurs more quickly 
where nuclei are present than in other areas. 
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ICROANALYSIS, under that name, has existed 

for less than a century, although some of its 
methods and tests date back as far as the beginning of 
the Christian era. Indeed, the first known chemical 
reaction in the wet way (1) to be used in analysis was a 
test which would today be classed as a spot reaction. 
This test was developed by Plinius (23-79 a.p.) and 
was used to detect the presence of ferrous sulfate in 
verdigris. He accomplished this by the use of a paper 
impregnated with nut gall, which was blackened when 
placed in contact with the substance containing ferrous 
sulfate. This reaction, in fact, has found a place in 
modern spot analysis, for Gutzeit (2) listed it, along 
with other spot tests for iron, in a publication appearing 
in 1929. 

Boyle (1627-1691) was the first to use probably the 
most common of all spot reactions—the testing for 
acidity and alkalinity by paper impregnated with plant 
extracts (3). He used litmus paper and paper treated 
with the juices of violets and cornflowers. 

Two other examples of early micro tests are the reac- 
tions used in early times for the detection of gold. 
Tachenius (4) found in 1666 that a drop of a mixture of 
gold solution with tincture of nut gall, when placed 
upon paper, produced a metallic spot. The other reac- 
tion, still used today in both macro- and microanalysis, 
is the ‘‘Purple of Cassius’ test (5), developed by 
Cassius in 1632. This test depends upon the production 
of a solution of colloidal gold and tin hydroxide by the 
treatment of auric chloride with stannous chloride. 

The history of microanalysis during its main period 
of development can perhaps best be covered by con- 
sidering separately its various branches—qualitative 
microscopic analysis, spot analysis, and quantitative 
microanalysis. 

The oldest of these branches is microscopic analysis. 
According to Chamot and Mason (6), Feigl (7), and 
Meyer (8), microchemistry had its beginning in the 
middle of the 18th century when Sigismund Marg- 
graf (1709-1782), during his research on cane sugar 
in red beet juice, first introduced the use of the micro- 
scope into chemistry. 

There is a difference of opinion as to the first in- 
vestigator to have used microscopic methods in the 
field of analytical chemistry. Chamot and Mason (6) 
credit this to Raspail (1833), who is believed to have 
been the first to present a system of microscopic tests for 
chemists and to have suggested the identification of 
compounds by observation of crystals under the micro- 
scope. Deniges (9) and Feigl (7), on the other hand, 
mention Teichman as the ‘‘true founder” or ‘“‘precursor”’ 


1 Present address: Vassar College, Poughkeepsie, New York. 


of microchemistry, whose work (1853-57) described 
the microscopic identification of small traces of blood 
through the formation of characteristic hemin crystals. 
Emich (10) traces the beginning of microchemical 
analysis back to a series of investigators—Helwig, 
Harting, Wormley, and Boricky. Helwig’s book, 
published in 1865, dealt with the use of the microscope 
in toxicology. A text by Harting on the theory and 
general use of the microscope also appeared in 1865. 
In the second volume (1866) the forms of some precipi- 
tates were described. Wormley published a book in 
1867 on the microchemistry of poisons (11), in which he 
applied the microscope to the examination of a drop of 
suspected solution after treatment with the proper 
chemical reagent. Boricky’s dissertation (1877) dis- 
cussed the new chemical microscopic analysis of min- 
erals and stones, and presented the first rational system 
of microchemical reactions. His analysis of minerals 
was based upon their decomposition by fluosilicic acid 
and the identification of the fluosilicates by means of 
their crystalline forms. 

In 1884 Streng (12) published some microchemical 
observations, listing several new reactions and describ- 
ing new techniques to aid in microscopic studies. In 
an earlier paper he had recommended the use of the 
microscope as a valuable aid in blowpipe analysis, 
along which lines some work had already been done by 
Sorby (13) in 1869. A paper by Reinsch (14) in 1881 
dealt with the identification of compounds by means of 
their crystalline forms. In 1885 a publication by 
Haushofer (15) described microscopic tests as a supple- 
ment to the usual qualitative analysis. In this paper, 
reactions for the majority of the elements were given, 
laying a foundation for general microscopic analysis. 
It was proposed to bring all elements into the range of 
microchemical analysis, an idea and purpose also ex- 
pressed by Klement and Renard (16) in their book about 
a year later. They applied microscopic methods to the 
qualitative analysis of certain minerals and gave 
methods of attack, separation, filtration, and other 
manipulations. 

The greatest advance in qualitative microanalysis 
was made by Behrens (17), who was called by Chamot 
and Mason (6) ‘‘the real founder of our present science 
of microscopic chemical analysis.’”’ In his publications 
during the last two decades of the 19th century, he pro- 
posed a large number of microscopic tests and also 
methods for the separation of the compounds from 
each other, thus giving greater accuracy to the con- 
firmatory tests. The first important addition to 
Behrens’ work was made by Schoor! (18) in a series of 
papers appearing in the years 1907 to 1909, describing a 
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scheme of microchemical qualitative analysis based 
upon the classical H,S system. Emich (1860-1940) 
made valuable contributions to both qualitative and 
quantitative microanalysis and was responsible for 
the development of many of the important techniques 
used today (10). Benedetti-Pichler (19) called him the 
pioneer and founder of the science of microchemistry, 
for he was the first to attempt general chemistry and 
physico-chemical experiments on a small scale. His 
work was not limited to microanalysis, but included 
small-scale experiments in general, inorganic, and 
organic chemistry. ; 

Although the earliest tests, described in the beginning 
of this paper, belong to the branch of microanalysis 
known as spot analysis, the true development of this 
field has taken place for the most part within the last 
two decades, under the guidance of Fritz Feigl and co- 
workers. The technique known as “spot analysis’ 
is so called because the analysis is carried out by reac- 
tions which take place within the volume of one or two 
drops, usually upon a spot plate or filter paper. 

Feigl and Stern (20), in an early report on spot reac- 
tions, gave a brief history of this field, especially in 
regard to the use of filter paper as a medium for the 
reactions. Schdénbein (1861) was the first one to show 
that the adsorption of different salt solutions in paper 
varied, and that, therefore, it should be possible to 
identify a single component in a salt mixture by capil- 
larity. Goppelsroeder made thorough investigations 
(1899-1911) of capillary phenomena, but worked 
chiefly with organic substances. In the methods used 
by both of these investigators the adsorption studies 
were made by means of strips of filter paper dipped into 
the solutions. Bayley (1878-86) introduced a method in 
which drops of solution were allowed to fall upon filter 
paper. He noted the formation of concentric rings 
with varying concentrations, and pointed out a method, 
based upon this observation, for the detection of cad- 
mium in the presence of copper. Reed noted the zones 
corresponding to the separation of the solutes, due to 
their different capillary migration velocities. He also 
recognized the dependence of these phenomena upon 
the concentration of the solution. Trey (1898) showed 
that it is possible, in a systematic analysis, to detect 
two elements in the presence of one another through 
adsorption. He found that in an ammoniacal solu- 
tion, containing copper and cadmium, the cadmium 
forms the outer ring and may be detected by treatment 
with ammonium sulfide, which leads to the formation of 
a yellow ring of CdS around a black circle of CuS. 
Holmgren (1899) developed a simple formula’ which 
related the size of the rings to concentration. In 1900 
Skraup and scholars investigated the dependence of 
capillarity upon various chemical and physical factors. 
Krulla (1909), using the strip method, noted that in 
solutions of salt mixtures containing different ions, each 
single component is adsorbed to the same extent as if 
it were alone in the solution. The addition of similar 
ions, however, caused a repression of the capillarity of 
the ion in question. Krulla used this for the qualitative 


349 


detection of ions in the following way To the solution 
being tested, different ions were added as long as there 
was a distinct decrease in capillarity. Each ion that 
caused this decrease was, therefore, indicated as present 
in the tested solution. Reactions carried out on textile 
fibers and observed under the microscope, as described 
by Emich (21) in 1907, might be classified as spot tests 
or, perhaps, as a transition between this form of analy- 
sis and microscopic analysis. Since 1918 Feigl (22) 
and coworkers have been applying these special tech- 
niques and the use of specific and selective reactions to 
the analysis of the majority of cations and anions and to 
many organic compounds. A specific reaction has been 
defined by the ‘International Commission on New 
Analytical Reactions and Reagents” (23) as a reaction 
which, under the experimental conditions employed, is 
indicative of one substance (or ion) only. Most of the 
specific reagents are organic compounds which form 
colored inner complex salts and coordination compounds 
with the metallic ions. Comprehensive texts on organic 
analytical reagents have been published by Mellan (24) 
and Yoe and Sarver (25). 

Hauser (26) was the first to suggest the use of spot 
reaction methods for systematic analysis. He used the 
tests described by Feigl and Stern (20) for the analysis 
of the ions in Group III of the HS system. Since that 
time, a great many schemes of systematic qualitative 
microanalysis have appeared in the literature. Some 
apply spot and microscopic tests chiefly as supple- 
mentary tests in the classical H2,S system and some 
dispense with the use of H2S altogether, either using 
other group reagents or making the analysis by the use 
of specific and selective spot tests. Some of the in- 
vestigators who have developed these analyses are 
Tananaeff (27), Gutzeit (2), Heller (28, 29), Krumholz 
(29, 30), Engelder and Schiller (31), Gerstenzang (32), 
Emschwiller and Charlot (33), von Nieuwenburg (34), 
Davies (35), Benedetti-Pichler (36), Wilson (37), and 
Emich (10). 

Quantitative microanalysis has had its greatest de- 
velopment during the last 25 years, although a few 
attempts at the quantitative determination of small 
amounts had been made at earlier dates. In 1876 
Goldschmidt (38).described a microscopic method for 
the quantitative determination of silver and gold in 
grains which were too small to be weighed on the 
balances of that day. This method depended upon the 
measurement of the diameter of the particles in ques- 
tion and could be classified under microscopy. 

Many of the earlier attempts to make quantitative 
determinations upon small quantities of material gave 
results which were merely estimates. Prior to the de- 
velopment of accurate methods of quantitative micro- 
analysis toward the end of the first decade of the 20th 
century, Richter’s ‘‘Gabelverfahren’’ method was used 
when dealing with small amounts of material (39). 
This method was based upon the assumption that for a 
given substance there was available a series of reac- 
tions, each of which possessed a known and different 
sensitivity. Using these reactions upon the substance 
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in question, it was possible to determine which tests 
worked and which failed to work and from these results 
to draw conclusions as to the unknown amount. 

One of the prerequisites for accurate quantitative 
microanalysis was a balance of high sensitivity. The 
first microbalance was constructed in 1886 by Warburg 
and Ihmori (40) and was used by them to measure the 
water film on a glass surface. In 1901 Salvioni (41) 
constructed a microbalance which would weigh ac- 
curately to 0.001 mg. and could carry a load of 100 mg. 
Readings were made by measuring the bending of a fine 
elastic wire by means of an ocular micrometer. The 
Nernst balance (42), which used a quartz fiber and was 
constructed in 1902, was probably the most popular 
balance in the decade following its construction and was 
used in many of the early microchemical determinations. 

The oldest method for the determination of molecular 
weights of small samples was that of Barger (43), 
published in 1904. This method depended upon the 
comparison, by means of a microscope, of the sizes of 
drops of solutions in a capillary. By measuring the 
drops of solutions of known concentration and compar- 
ing them with drops of a solution of the substance whose 
molecular weight was being determined, the molecular 
weight of the latter could be calculated. The samples 
used by Barger weighed 0.31 mg. 

The new interest in radioactive metals, available in 
only small amounts, increased the need for more ac- 
curate methods of analysis and atomic weight deter- 
minations. In 1903, Nernst (42), using the balance 
constructed by him a year earlier, made molecular 
weight measurements by determining the vapor density 
of very small quantities of materials. Later in the same 
year Nernst and Riesenfeld (42) used this same balance 
in some quantitative determinations of small samples 
and in the determination of the atomic weight of one of 
the rare earths. 

Emich (10), who was mentioned earlier for his con- 
tributions in qualitative microanalysis, has also made 
valuable contributions to the field of quantitative 
microanalysis. He was the first to devise procedures 
for the quantitative collection of small amounts of 
precipitates and worked out many other quantitative 
procedures and techniques. He developed methods of 
quantitative microanalysis for both inorganic and 
organic substances, using a modified Nernst balance in 
his early determinations. Janecke (44) made the first 
electrolytic determination on a micro scale when he 
used this method in 1904 to determine the amount of 
mercury in pathological urine. Brill and Evans (45) 
in 1908 used this same method for atomic weight de- 
terminations. The Nernst balance was used in both of 
these investigations. 

The best known worker in the field of quantitative 
organic microanalysis is Pregl (46). In 1910, during an 


investigation on bile acids, he obtained a fission product 
obtainable at the time in only very small quantities. 
It was necessary for him either to use exceptionally 
large quantities of the original material or to find a way 
to determine carbon, hydrogen, and nitrogen in those 
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small samples. Emich had already illustrated the 
possibility of analyzing small inorganic samples and 
this encouraged Pregl to set to work to develop a micro- 
method for carbon and hydrogen analyses. By the 
end of 1911 he had succeeded in solving this problem 
and was able to determine carbon and hydrogen in 7 
to 13 mg., and nitrogen in 4 to 8 mg. of organic ma- 
terial. During the next decade he and his students and 
coworkers adapted many of the common macro 
analytical methods to a micro scale. Pregl used a 
Kuhlman balance in his determinations. This balance, 
still widely used, has a capacity of 20 g. and weighs 
accurately to 0.01 or 0.02 mg. The balance used by him 
in 1911 hada sensitivity of 0.001 mg. In 1923 Pregl was 
awarded the Nobel prize for his contributions in this 
field. 

It has been the aim of this paper to present briefly 
part of the early development of this increasingly im- 
portant branch of analytical chemistry. There have 
been many omissions, for the workers and publications 
in this field, especially in more recent times, have been 
too numerous to enumerate. The analysis of small 
quantities of material by flame analysis, spectroscopy, 
colorimetry, nephelometry, and other important instru- 
mental methods has also been omitted, although these 
methods are of great importance, especially in industry, 
where the speed and simplicity of operation make them 
of great value. 
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Here and There in the Tnade Literature 


N ARTICLE of considerable interest will be found 
in the April Dow Diamond (Dow Chemical Com- 
pany, Midland, Michigan), ‘Fixation of atmospheric 
nitrogen.’’ The author, Dr. W. Hirschkind, worked in 
Haber’s laboratory while getting his degree and was 
present when the first ammonia was produced syn- 
thetically. He traces briefly the work that was done 
by both Haber and Nernst on the ammonia equilibrium 
—with the clash that took place between the two over 
the accuracy of results—and the subsequent perfection 
of the large-scale process. He describes his own 
personal reactions as follows: 


“As a young student in Haber’s laboratory at the Institute of 
Technology at Karlsruhe, Germany, it was my good fortune 
during 1908 to witness a demonstration where nitrogen and 
hydrogen were combined in continuous flow to ammonia, which 
was taken in liquid form from the apparatus. This was the 
culmination of several years’ effort arising out of the Haber- 
Nernst controversy about the ammonia equilibrium. 

‘While everyone present realized they had witnessed an his- 
torical moment, it was difficult for us to understand the skepti- 
cism of chemists and engineers not familiar with the history of 
this development. It seemed so obvious to us that the solution 
of the problem of nitrogen fixation -had arrived. Moreover, 
this development was the forerunner of all high-pressure work 
in the chemical industry, being applied to hydrogenation of coal, 
oil refining, organic synthesis, etc. 

“The full story of the ammonia synthesis was only told several 
years ago, after the two leading actors in this drama had passed 
from the scene. It is safe to assume that without this contro- 
versy over the value of the ammonia equilibrium, the ammonia 
synthesis might have been delayed for several years, if not a 
decade or more. 

“While the effect of this famous process on the start and 
progress of World War I is clearly known, the consequences of a 
delay or postponement of the process can only be the subject of 
speculation. Knowing as we do that Germany did not dare to 
declare war until its nitrogen supply was secured in 1914, it is 
probable that the course of history would have been different 
without this assurance. 

“‘As if the gods would destroy a man who created so mighty a 
tool, the last years of Haber’s life were extremely sad. Driven 
from workshop and country, after the advent of the Nazis in 
1932, he died a homeless refugee, broken in body and spirit, in 
Switzerland in January, 1934.” 


The Dow Diamond Exhibit Issue is entirely devoted 
to a pictorial account of the many ways in which Dow 
products are involved in the daily life of the world. 


As usual, the spring, 1945, number of the Jnier- 


chemical Review (Interchemical Corporation, 432 West 
45th St., New York City) is full of good material, in- 
cluding the development and use of microanalysis and 
a discussion of active chlorine compounds. A full-page 
list of these compounds is given, with their properties, 
from the well-known bleaching powder to dichloro- 
acetylene. 


Corrosion is one of the commonest problems we face. 
Sometimes, however, what seems to be a case of 
chemical corrosion is actually due to mechanical 
effects. One of these, ‘‘cavitation-erosion,” is briefly 
discussed by the Technical Editor in the current num- 
ber (vol. 8, no. 2) of Mechanical Topics (International 
Nickel Company, 67 Wall St., New York 5, New York): 


“Cavitation-erosion, frequently referred to as ‘cavitation,’ 
always includes the physical wearing away of metal by erosion 
as a major factor in its action. This is similar to abrasion. In 
corrosive environments, cavitation accelerates corrosion while 
corrosion intensifies cavitation. 

“More exactly, cavitation results from the formation of tran- 
sient voids in a moving stream of liquid in the vicinity of a solid 
body. The inertia of the rapidly moving liquid makes it tend to 
continue in a given direction rather than to follow the contour 
of the solid surface over which it flows. This creates voids. 
The voids are not a complete vacuum; they consist of space filled 
with the vapor of the liquid, at the relatively low pressure 
corresponding to its temperature, together with any dissolved 
gases that may be released into the lower-pressure space. 

“Eventually, these cavitation voids collapse. The collapse 
produces a pounding or hammering effect which results in de- 
formation and fatigue of a metal or an alloy, and also removes. 
films that otherwise might arrest corrosion. 

* “The corrosion of a freshly exposed surface during the first 
instant of exposure is believed to be very rapid for many metals. 
However, this initially rapid attack usually decreases quickly 
through the formation of corrosion-product films that are pro- 
tective. By continually removing such films, cavitation may 
permit the initially high rates of attack to persist and thus cause 
considerable local damage by corrosion in the regions of severe 
cavitation. This mechanism accounts for the importance of 
corrosion in cavitation and for the desirability of corrosion-re- 
sisting materials. 

“In practical service, cavitation voids form and collapse very 
rapidly; the net result is a deterioration of the surface of a metal- 
lic material all out of proportion to what might be expected 
from simple corrosion. Cavitation is favored by a high velocity 
of liquid flow and, within some limits, the damage increases with 
rising temperature.” 


The frozen foods industry is discussed in the May 





nk Be 





352 


number of Ethyl News (Ethyl Corporation, 405 Lexing- 
ton Ave., New York 17, New York), with a picture of 
more meat than we would have thought still existed, 
in these days of the shortage of everything. Another 
article describes the routine of the testing of gasoline. 


The Squibb Memoranda (E. R. Squibb & Sons, 745 
Fifth Ave., New York City), for March, has an in- 
teresting account of the properties and use of one of the 
new members of the ‘‘sulfa’’ family of drugs, sulfamer- 
azine. It is said that sulfamerazine has characteristics 
not possessed by the better known sulfonamides, 
notably that following oral administration a high blood 
concentration is attained rapidly and that effective 
concentration in the blood is maintained over a long 
period of time. 


The April Bakelite Review (Bakelite Corporation, 
30 East 42nd St., New York 17, New York) describes a 
new type of gas mask for protection against war gases, 
made entirely of transparent vinylite plastic. 


“Designed by the Chemical Warfare Service to meet the de- 
mands of the Medical Department for a mask that would fit over 
head bandages, the head-wound mask consists of a sack-like 
hood to which an air-purifying canister and an outlet valve are 
attached. Air is drawn into the mask by normal breathing.” 


Another article in the same number tells how plastics 
are playing an increasingly important part in the fire- 
works industry. Still another, “Clay pigeons with 
wings,’’ tells of the new plastic and lead bullets which 
are being used in aerial gunnery practice against 
actual planes specially covered for protection. 


Ultra-high-speed photography has held out many 
interesting possibilities, and some of the recent de- 
velopments—with some excellent illustrations of pro- 
jectiles in flight—made possible by the Microflash, a 
high-speed, high-intensity light source—are described 
in the April General Radio Experimenter (General 
Radio Company, 275 Massachusetts Ave., Cambridge 
39, Massachusetts). 


“The structure of hydrocarbon series”’ is one title in 
the April Natural Gasser (Warren Petroleum Corpora- 
tion, Tulsa 2, Oklahoma). Aside from a few technical 
points in petroleum terminology, it of course contains 
nothing not found in any elementary organic text. . 


Another contribution to the discussion of our future 
oil supplies, entitled ‘“There’s oil for years and years 
to come,”’ is to be found in the May number of Our Sun 
(Sun Oil Company, Philadelphia, Pennsylvania). 


From the May Westinghouse Newsfront (Westing- 
house Electric & Manufacturing Co., Pittsburgh, 
Pennsylvania) we quote the following ‘Inside story”: 


“‘The world’s fastest X-ray machine, capable of taking a picture 
in a millionth of a second or less, is giving ballistics experts the 
‘inside’ story of what happens to a high-velocity projectile as it 
speeds through a gun barrel or rips through thick armor plate. 

“Discharging a stream of X-rays 50 times faster than the 
average lightning bolt, the new machine can take pictures through 
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one-inch-thick steel, showing the behavior of a projectile or the 
gun, from the instant of firing until the target is hit. More 
than a dozen such machines are at work in arsenals and ballistics 
laboratories here and abroad. 

“Oddly enough, the success of this new device is based on a 
weakness in the conventional X-ray machine. Occasionally, 
such machines ‘backfire’ and discharge many thousands times 
the amount of current normally required for relatively low-speed 
work. 

“Dr. Charles M. Slack, Assistant Director of Research at the 
Westinghouse Lamp Division, studied this weakness and con- 
cluded it held the germ of ultra-high-speed radiography. To- 
gether with assistant Louis F. Ehrke, he developed a machine 
that discharges a million times the current of the conventional 
X-ray tube, and is hence many thousands times faster. 

“The two men experimented with the machine in a variety of 
ways. They fired high-speed 0.22 caliber rifle bullets into sand- 
bags, took pictures of vacuum sweepers and electric shavers in 
operation, X-rayed a golf ball at the instant it was driven from 
the tee. To learn the internal damage caused by high-velocity 
projectiles striking parts of the human body, they even photo- 
graphed a meaty soup-bone as it was smashed by a bullet. 

‘‘Postwar-wise, the millionth-of-a-second X-ray machine holds 
great promise as an industrial and medical tool. High-speed X- 
ray movies of fast-moving machines are certainly feasible. With 
such a tool the internal-combustion engine, the steam turbine, 
and other devices will be forced to part with secrets of great value 
to engineers. An English ornithologist wondered if the X-ray 
machine could be used to study the wing-structure of birds in 
flight. -Maybe not, but it can perform many other and more 
important tasks.”’ 


Some time ago we mentioned the fact that it is now 
possible to produce pictures of complicated molecules 
directly from X-ray diffraction data by a combination 
of photographic processes. A further discussion of this 
point is found in the current (vol. 17, no. 1) Synthetic 
Organic Chemicals (Eastman Kodak Company, 
Rochester, New York), by Maurice L. Huggins, who 
had a large part in developing the methods. 


The clotting of blood is to a large extent a chemical 
process and involves the participation of a number of 
substances, among which is thrombin. The clinical 
usefulness of this material, which is available as a 
purified preparation, is discussed in Therapeutic Notes 
for May (Parke, Davis & Company, Detroit 32, 
Michigan). 


“Bubble trouble’’ is the title of a short article on the 
foaming of lubricant and other oils, and its prevention, 
in the March-April number of The Orange Disc (Gulf 
Oil Corporation, Gulf Building, Pittsburgh 30, Penn- 
sylvania). 


‘Suddenly, engines were being called upon to haul heavy loads 
of war material day and night, without rest and without replace- 
ment. Tank and ship engines had to be driven to their limits. 
They must not stop until their jobs are done whether in two 
hours or twenty-four, and there must be no failure in the mean- 
time. That’s when this matter of foaming lubricants became 
of prime concern to both the armed forces and industry. In too 
many places where crankshafts and gears churned their oils 
hour after hour under heavy loads and at high temperatures, 
foam, deadly foam, was frothing up, oozing out, carrying away 
the protecting film of oil on which machinery depends.”’ 


Several things are worth noting in the April number 
of Service (Cities Service Company, Colorado Building, 
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Washington 5, D. C.): ‘‘Red demon rust,” in which 
rust and corrosion get some attention; ‘“Tomorrow’s 
oil,” the old problem again of our future supply of 
petroleum and its products; ‘Oil rides the iron horse,” 
a pictorial account of the historical relation of oil to the 
railroads; ‘‘I’ll take asphalt,” with some information 
about a little-noticed product of petroleum; ‘‘Horse- 
shoe nails in World War II,” of which the thesis is the 
following: 

“Uncounted thousands of tiny parts, wheels, cogs, wires, ball 
bearings, and drops of oil, doing their job in the incredibly com- 
plex mechanisms that operate modern engines of destruction, 
are helping win the war for us. Sometimes the ‘indispensable 
something’ is not visible at all, but is some chemical ingredient 
or perhaps merely the glue that holds two parts together.” 

“An interesting phenomenon is the change in the character of 
the bubbles emanating from a beverage due to changes which 
are not at all obvious and that can only be explained by theories 
developed through scientific investigation.” 


With this as a start, you will want to read the rest of 
“The chemist’s page” in the May number of The 
Crown (Crown Cork & Seal Company, Box 1837, 
Baltimore 3, Maryland). And while you are about it, 
turn to the first article, ‘“Soap—a development of the 
New World.” You will be surprised at the many ways 
in which soap serves us in our everyday lives. 


Those interested in patents and patent procedures 
(as every chemist should be) would do well to read 
‘‘Secrets everyone knows,” in the March-April Monsanto 
Magazine (Monsanto Chemical Company, St. Louis, 
Missouri), in which the associate director of the Mon- 
santo patent department tells how hasty patent reform 
can throw away the keys to our technology. In thesame 
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number, the American version of the robot bomb is de- 


scribed and illustrated. “‘War and a film of oil” 
discusses the development of ‘‘additives’’ for lubricating 
oil, substances introduced for the improvement of par- 
ticular properties. Someone is said to have remarked: 
“Tt is getting so that lubricating oil is just an agent to 
hold the oil additives.”’ 


“Bacterial resistance to penicillin’ is one of the titles 
in the April What’s New (Abbott Laboratories, North 
Chicago, Illinois), another contribution to the already 
enormous literature on this new pharmaceutical. 


Steelways, vol. 1, no. 1, an illustrated quarterly in 
color, is available from the American Iron and Steel 
Institute, 350 Fifth Ave., New York 1, New York. 
While the entire striking magazine is to be commended, 
chemistry teachers will find the nine color pictures, 
“‘Slags seen through a microscope,” especially interest- 
ing and useful. A bibliography of the iron and steel 
industry is included. The Institute maintains a very 
liberal policy in respect to making its materials avail- 
able. 


An Outline of Aluminum now appears in enlarged 
and revised form. The pamphlet is made attractive 
by the use of gray and a lively shade of green, and by 
the inclusion of many more pictures than the former 
edition. Chemistry teachers will be glad to notice 
(p. 22) an improved diagram of the electrolytic cell. A 
catalog of films, educational booklets, and other visual 
aids are also available. Both are free. Write to 
Educational Department, Aluminum Company of 
America, Pittsburgh 19, Pennsylvania. 


SPOT REACTION EXPERIMENTS (Continued from page 347) 


Velculescu’ states that traces of silver (0.005 y Ag) can 
be detected by the following procedure. 

The precipitation of metallic silver can also be 
hastened from a mixture of a silver salt and a slow 
reductant, if silver ions are adsorbed locally. This 
effect is also illustrated in this demonstration experi- 
ment. 

Procedure: A drop of 1 per cent potassium bromide 
solution is placed on filter paper and treated with a 
drop of 0.02 N silver nitrate solution. The paper is 
briefly exposed and then thoroughly washed by being 
placed in water. It is then bathed in a developing solu- 
tion. A black stain of precipitated silver appears in a 
few minutes at the spot where silver bromide was 
formed, and where silver nuclei were produced by the 
action of the light. 


7 VELCULESCU, A. J., Z. anal. Chem., 90, 111 (1930). 





The developer contains 2 g. of pyrogallol and 2 g. of 
citric acid dissolved in 500 ml. of water. Just before 
using, 60 ml. are mixed with 2 ml. of N/10 silver 
nitrate. 

Two adjacent depressions of a spot plate are each 
charged with two drops of developer. The bottom of one 
depression is scratched with a glass rod. Within 30 
seconds, silver will deposit, as a black stain, along the 
scratch. The comparison solution will remain clear for 
about six minutes, and then undergo a gradual reduc- 
tion with resultant precipitation of colloidal silver. 

The reason for these totally different reduction pat- 
terns is that the glass or porcelain dust at the scratched 
surface adsorbs Ag+ ions. These are thus concentrated 
locally, leading to a more rapid production of silver, 
which, in its turn, functions as the nucleus for the fur- 
ther reduction of the silver salt. 











Perfumery: Basie Facts for Pharmacists 


CURT P. WIMMER 
Columbia University College of Pharmacy, New York City 


ID you ever realize that the delightful new-mown 

hay, tréfle, or orchid perfume used as welcome 
gifts may not contain a drop of natural flower or 
vegetable oil? Yet, this may be exactly the case. Per- 
fumery, as practiced today, must be considered a science 
as well as an art. Its scientific aspect has progressed 
tremendously within the past generation. 

Improvements in the extraction and rectification of 
aromatic plant constituents have furnished the com- 
pounding perfumer with materials having great odor 
and strength value. The organic chemist has learned 
to synthesize substances which may or may not have 
been found as component parts of natural volatile oils 
—some of which have found wide use and important 
applications. 

The modern perfume industry is founded upon the 
results of research carried on during the 19th century. 
The French scientist, Dumas, was the first critically 
to examine a flower oil, to determine its composition. 
He found it to be a mixture of organic substances and 
identified several of them. Later on (about 1872 
to 1890), French and German chemists determined the 
exact nature of these substances and succeeded in 
preparing them not only by extraction from the plant 
but by direct synthesis from coal tar. Since then, the 
number of natural and artificial perfume materials has 
increased to such an extent that even a professional 
perfumer is not acquainted with all of them. 

Although perfume substances of animal origin are 
few in number, they are very important; among theni 
are musk, civet, and ambergris. They are almost indis- 
pensable in fine perfumery; and are used in perfume 
mixtures as tinctures or infusions, imparting not only 
exciting and stimulating odor notes, but simultaneously 
serving as fixatives—helping to equalize the rapidity of 
evaporation of the several components of the mixture 
and thus prolonging the lasting qualities of the perfume. 
Musk is obtained from the preputial follicles of the 
male musk deer, a small, shy, and very fleet animal that 
comes out of its hiding place at night to seek food and 
water; it always travels in pairs. The musk deer is 
indigenous to the mountains of northern India, China, 
and Siberia. It is hunted or caught in traps; usually 
both male and female deer are slaughtered indiscrim- 
inately in the search for the precious musk. As a con- 
sequence, natural musk is becoming scarcer and more 
expensive. It soon will be unobtainable. Artificial 
musks are available, but there really is no good substi- 
tute. Ambergris is a pathological excretion from the 


1 Reprinted, in part, from The Merck Report, 54, 24 (February, 
1945). 





intestine of a certain species of whale. It is, at times, 
found floating on the ocean and cast upon the seashore; 
but most of it is obtained by whalers and brought back 
in whaling boats. It comes in black or opaque, gray 
lumps of varying sizes and weights, and commands a 
high price because of the inimitable fine odor note it 
imparts to perfumes. Civet comes from an Abyssinian 
cat whose abdominal pouches fill with the perfume ma- 
terial when the cat is angered. It is a dark-brown, soft 
paste, which has a disagreeable odor when in concen- 
trated form; however, when highly diluted, a distinc- 
tive, stimulating perfume note is obtained. 


PROCESSING AROMATICS FROM PLANTS 


Next in importance as perfume components are the 
numerous essential or volatile. oils. Their method of 
preparation, for the perfume industry, depends upon 
several factors, such as the nature and habitat of the 
plant, the part used, and the desired form of the aro- 
matic constituents. In general, the methods used 
may be classified as expression, distillation, maceration, 
and extraction by means of a suitable solvent. 

Expression is used for the preparation of citrus oils, 
such as lemon, orange, or bergamot oil. The oil is 
found in the tiny plant cells, located directly underneath 
the epidermis; simple pressure of the peel will liberate 
the oil. The method of expression varies from a simple 
twist by means of skilled fingers, to machinery which 
not only mashes the entire fruit but separates the oil 
from the other extraneous matter. Most of the essen- 
tial oils are obtained by some form of distillation. The 
apparatus employed varies considerably, from the 
simple still of the ambulant farmer who sets up his ap- 
paratus right in the field where the plants grow, using 
a little stream nearby to supply the cooling water for 
the condenser, to the huge still in the modern factory 
where engineers and chemists carefully control the proc- 
ess. Maceration is employed for flowers whose con- 
stituents are not injured by heat used in the process. 
The flowers are immersed in warm liquefied fat and left 
there for varying periods of time—sometimes eight 
hours or more. The mixture then is strained and the 
aromatized fat is allowed to cool and solidify. The 
aromatics thus removed are now in the form of a “‘pom- 
ade.’’ If, however, the perfume in the flower is apt to be 
affected by heat, the process, termed enfleurage, is em- 
ployed. For example, tuberose, jasmin, and jonquil 
odors are so sensitive to warmth that cold extraction 
must be employed. 

In enfleurage, a glass frame about 30 inches in length 
is covered with a thin layer of fat, usually a suet-lard 
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mixture; upon this a thin layer of flowers is spread. 
A number of such frames are prepared and stacked 
high, one upon the other; they are allowed to stand 
for days to enable the fat to absorb the aroma. The 
extracted flowers then are removed and fresh ones added 
in their place. The manufacturing perfumer knows 
from experience how many changes are necessary to 
saturate the fat with the flower perfume. The fat is 
next removed from the frames and extracted with pure 
alcohol; the perfume dissolves in the alcohol which, 
in turn, is evaporated at a very low temperature or 
under a vacuum. The residue is the concentrated per- 
fume material known as a “‘concrete soluble.”’ 


The most efficient method of extracting aromatic con- 
stituents from plant parts consists of using petroleum 
benzine of low specific gravity. The freshly cut flowers 
are placed into batteries of percolators, in which the 
solvent circulates freely and extracts the aromatics 
from the flowers. The benzine solution is evaporated 
either spontaneously or under a vacuum, leaving 
the aromatics as a pasty residue. This contains waxes 
and other plant constituents which are subsequently re- 
moved by dissolving the residue in strong alcohol and 
cooling the solution to about 5°C., when the waxes 
separate out and the liquid is filtered while still cold. 
Upon evaporation of the alcohol, the aromatics remain 
in their purest and most concentrated form, known as 
“absolute.’’ It usually is very expensive, prices rang- 
ing from $250 to $1000, or even more, are not unusual 
for a pound of absolute. 

In reviewing perfume materials, one must include 
moss extracts, resins, e. g., labdanum, benzoin, myrrh, 
tolu, storax, and many others which serve important 
purposes in perfume mixtures. Pure organic substances 
used are the isolates and synthetics; the former are 
plant constituents separated from an essential oil in 
more or less pure form and used in the compounding of 
perfumes; geraniol, citronellol, linalol, and borneol are 
good examples of isolates. 


SYNTHETICS 


The number of organic synthetics prepared by the 
chemist is increasing by leaps and bounds. Among 
them are chemicals that originally were discovered in 
essential oils, but now are made from coal-tar deriva- 
tives; for example, methyl anthranilate was found in oil 
of neroli (orange flower oil); it now is prepared syn- 
thetically. Perfume materials also are synthesized 
without regard to their existence in plants; but a 
chemist with a good sense of smell has found it useful 
for perfume mixtures, e. g., diphenyl oxide. It was 
prepared many years ago and stood on the shelves of the 
chemical museum. No one recognized its value until 
an alert perfume chemist discovered its properties. 
Now, it is invaluable in the preparation of geranium 
odors. From the preceding outline, it is obvious that a 
perfume is a very complex mixture; some perfumes 
have more than a hundred constituents, ‘many in 
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minute quantities, but each one is essential to the 
production of the correct odor note. Our sense of smell 
is so keen that we would quickly notice the absence 
of any of them. 


IMPORTANT FACTORS IN BLENDING 


A perfume consists of three factors: the main or 
basic odor substance, the adjuvant (a negative or 
positive potentiator), and the fixative. Each of the 
three factors may be very simple or complex. A good 
example is that of violet perfume oil. Is the basic odor 
substance to be used an oil of violets? No, that would 
be too expensive; it would make the perfume prohibi- 
tive in cost. The composition is based on a substance 
known as ionone, which is prepared from oil of lemon- 
grass and acetone; when highly concentrated it has a 
grass-hay odor, but an attractive, violet odor when 
highly diluted with alcohol. This is the basic sub- 
stance which must be supported by adjuvants, usually 
substances of similar odor notes, such as orris oil or 
concrete sweetened with heliotropin and _ vanillin. 
Next, one must use certain essential oils to round out 
the chemical effect, such as oil of ylangylang, oil of 
sandalwood, and others. If a ‘“‘leafy’’ note to our 
violet odor is desired, a small amount of methyl hep- 
tine carbonate may be added, or if unmindful of cost 
some real violet-leaf concrete may be used instead. 
To improve the odor still further, small amounts of 
absolutes may be included. Since the perfume is to 
last on the ladies’ handkerchiefs for some time, we 
must look for a proper fixative; it is in the choice 
of this ingredient that the artistic intuition of the master 
perfumer reveals itself. From the numberless sub- 
stances at hand, he must select the right combina- 
tion—one that blends exactly and gives the full, fra- 
grant violet aroma upon aging. Just as ionone is the 
basic substance for violet odors, so are other basic 
materials for each odor type available to the perfumer; 
viz., hydroxycitronellal for the lily, lily-of-the-valley, 
and lilac; ‘iso-eugenol and eugenol for carnations; 
geraniol, citronellol, and phenyl-ethyl alcohol for the 
rose types. 

Perfumers distinguish ‘among several types of odor 
combinations: the single flower odor, the single 
flower bouquet, and the fantasy edor. The first one 
presents the beautiful odor of one single flower, such 
as the tea rose, lavender, or lilac. This type is the 
most difficult to compose. The single flower bouquet 
gives the effect of a bouquet of flowers with one of the 
flower odors predominating, while the bouquet odor is 
that of a beautiful bouquet in which none of the com- 
ponents is permitted to overshadow the odor of the 
others. Then there is the fantasy odor perfume in 
which widest latitude is given to the creative perfumer 
who endeavors to produce odors and fragrances not 
found in nature, but which, nevertheless, are engaging, 
exciting, and captivating for the moods of tempera- 
mental femininity—odor combinations that blend with 
and enhance the charm of every personality. 








A Simple Experiment 


Illustrating the Preparation and Properties 


of Isobutylene (2-Methylpropene) 


CHARLES BARKENBUS and JERRY B.’' KELLEY 


University of Kentucky, Lexington, Kentucky 


LL laboratory manuals of organic chemistry have 
an experiment illustrating the preparation and 
properties of alkenes and, in the majority of cases, the 
alkene made has been ethylene although a few manuals 
give directions for making petene-2. In the last few 
years isobutylene, because of the ease of polymerization 
and alkylation, has become one of the outstanding 
compounds of the petroleum industry. For this reason 
it has been thought worth while to substitute this im- 
portant alkene for the time-worn examples used in the 
average organic laboratory manuals. Isobutylene has 
other advantages, such as ease of preparation and 
greater reactivity, which make it superior to ethylene. 
Isobutylene has been made by the dehydration of 
tert-butyl alcohol with concentrated sulfuric acid.! 

Tertiary butyl alcohol is smoothly dehydrated with 30 
per cent sulfuric acid at 98°C. with no frothing, car- 
bonization, or production of sulfur dioxide. Norris* 
found that tertiary alcohols do not form alkyl acid sul- 
fates with dilute sulfuric acid. Since tert-butyl alcohol 
boils at 82.9°C. it is necessary to use a condenser on the 
generator to prevent the rapid volatilization of the alco- 
hol. Many variations in the experimental procedure 
were tried in an attempt to eliminate the use of a con- 
denser but in all cases the loss of tert-butyl alcohol was 
too great to conduct the experiment without one. 

The following procedure has been used on the lecture 
table and by classes in the laboratory, and offers no 
difficulty or hazard. The apparatus is simple and the 
experiment can be readily carried out in a minimum of 
approximately two hours. The wash bottles used were 
made from 8-inch test tubes fitted with rubber stoppers 
and were furnished the students. 

In a 200-ml. round-bottom flask attached to a reflux 
condenser were placed 10 ml. of tert-butyl alcohol and 20 
ml. of approximately 30 per cent sulfuric acid made by 
diluting 7 ml. of 95 per cent sulfuric acid with 14 ml. 
of water. The flask is placed in a water bath and the 
end of the condenser connected by a bent glass tube and 
rubber tubing to a 125-ml. distilling flask which is sur- 
rounded with ice. The distilling flask acts as a safety 
flask and also condenses some tert-butyl alcohol which 
may come over. The side neck of the flask is con- 





1 KisTiaKowsky, G. B., ET AL., J. Am. Chem. Soc. 57, 879 
(1935). 
2 Norris, J. F., AND J. M. JouseErt, tbid., 49, 873 (1927). 


nected by rubber tubing to an 8-inch test tube wash 
bottle containing 10 ml. of acidified dilute potassium 
permanganate solution. This solution is made by 
diluting 1 ml. of 2 per cent potassium permanganate 
solution with 9 ml. of water and adding 1 ml. of 40 per 
cent sulfuric acid. This wash bottle is then connected 
to another wash bottle surrounded with ice containing 
3 ml. of bromine and 5 ml. of water, the water being 
added to cut down the volatilization of the bromine. A 
delivery tube runs from the outlet of this wash bottle 
to a pneumatic trough where samples of the gas can be 
collected if desired. While displacing the air in the ap- 
paratus a small amount of bromine vapors escape which 
are absorbed in the water of the trough. About 30 
minutes are required to assemble the apparatus. 

The water bath is brought to gentle boiling and a 
steady flow of isobutylene is generated. The gas starts 
coming off slowly. at 50°C. and at the boiling point of 
water a steady flow results. No further attention to 
temperature control is necessary, which is a definite 
advantage. 

About 15 minutes are required to heat the bath, and 
at that time most of the air has been displaced and com- 
plete absorption of isobutylene by the two wash bottles 
is observed. The potassium permanganate solution is 
decolorized in about four minutes and the bromine in 
seven minutes. When the bromine is decolorized, the 
test tube is replaced by one containing 3 ml. of 95 per 
cent sulfuric acid and the gas is allowed to bubble into it 
for five minutes. An insoluble layer of di-isobutylene 
and higher polymers separates which has a pronounced 
gasoline-like odor. This tube is then replaced by one 
containing 3 ml. of 60 per cent sulfuric acid, and the gas 
is passed in for 5 minutes. The contents of this tube 
when diluted with water have a definite odor of ¢ert- 
butyl alcohol. Sufficient isobutylene can still be gen- 
erated to collect several 100-ml. bottles for running tests 
on inflammability, diffusion, and explosive mixtures 
with air. 

This experiment well illustrates the ease of dehydrat- 
ing tertiary alcohols with dilute sulfuric acid. The 
smoothness with which the gas is generated eliminates 
all careful attention to details and makes the experiment 
especially free of difficulties. The reduction of the per- 


(Continued on page 363) 
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HOOTING a beam of X-rays through an unknown 
chemical substance to see how much of the radia- 
tion is absorbed is a new and rapid means of identifying 
the elements of which the material is made. That this 
method, which can be used with gases, liquids, or solids, 
will find extensive application is indicated by studies in 
the General Electric Research Laboratory by Dr. 
Herman A. Liebhafsky and Dr. E. H. Winslow. 

‘X-rays are intimately related to the inner atom,” 
explained Dr. Liebhafsky, ‘‘so they furnish a means of 
counting the number and indicating the kinds of atoms 
by which they are being absorbed. To a very good first 
approximation, the count is unaffected by whether the 
atoms are free or have combined to form molecules of 
any sort whatsoever; or by whether the sample is hot 
or cold, solid, liquid, or gaseous. Again to a good ap- 
proximation, an oxygen atom will have the same ab- 
sorption for X-rays be it free, or in the oxygen molecule, 
or in liquid water, ice, or steam, or in sugar, or in sand. 
A tool capable of doing this is bound to be potentially 
interesting to the chemist.” 

X-ray absorption as an analytical method is made 
practicable by a photoelectric X-ray intensity meter 
developed by another G-E Research Laboratory 
scientist, H. Millard Smith. The invisible X-rays fall on 
a fluorescent material, which becomes luminous where 
they strike. This material, called a phosphor, is 
painted on the glass envelope of a phototube of the 
multiplier. type. 

With such a tube the light from the phosphor falls 
first on a sensitized surface within the tube and elec- 
trons are emitted from it. These electrons fall on a 
second surface from which still more electrons, in larger 
quantities, are discharged. They fall on a third surface 
and the yield is still further increased. Then even more 
stages are used. The electrons are multiplied and those 
from the last stage result in a small electric current 
which can be amplified still more with other electron 
tubes, and measured with an appropriate meter. 
Amounts of light with energy equal to a ten-billionth of 
a watt can be measured easily and accurately in this way. 

The photoelectric meter can measure very weak in- 
tensity X-rays and also can detect very slight variations 
in their intensity. For example, if the X-rays are passed 
through a pile of 100 sheets of paper, the difference in 
absorption caused by the addition or removal of a single 
sheet produces a noticeable effect. 

In the analytical method, which has thus far only 
been set up experimentally, the solid or liquid sample is 
placed in a glass cell */, inch in diameter and 6 inches 
long. For gases a two-foot cell is employed. The cell 
is in a vertical position above the X-ray tube and a 
narrow pencil of the rays is sent upward through it. 
The rays then fall on the phosphor around the multiplier 
phototube, which is enclosed in a lead housitg. The 
current from the phototube is amplified and its in- 
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tensity read on a meter. Comparisons are made of the 
absorption of the cell with and without the sample. 
Filters, made of various metals, can be placed in the 
X-ray beam to secure radiation of different wave 
lengths. 

Dr. Liebhafsky says that chemical problems vary so 
greatly that it is difficult to predict the particular appli- 
cations which this new method of analysis is likely to 
have. However, enough work has already been done 
to show that for certain types of problems it will have 
clear advantages over older methods. 


e@ Wartime accomplishments of an important Ameri- 
can industrial organization are told in a 56-page booklet 
issued recently by Bausch & Lomb Optical Co. of 
Rochester, New York. 

Profusely illustrated, the booklet entitled ‘Seeing It 
Through” is a report to employees, servicemen, and 
friends on the production of optical instruments of war 
and their successful use on every front. Outlining the 
potential danger of a nation at war without adequate 
and self-sufficient means to supply optical glass and 
optical instruments, the book shows the measures 
taken by the Company to provide these essentials, 
undertaken long before Pearl Harbor, and carried on 
with ever increasing acceleration after war came. 
Stirring photos show height finders, range finders, 
battery commander’s telescopes, binoculars, searchlight 
mirrors, photographic lenses, mapping equipment, gun- 
sights, and many other optical instruments in action. 
A section tells of employee activities in the war effort. 


@ Research data of immense importance, much of 
which is buried in the many departments of the techni- 
cal schools and universities, is being unearthed for the 
first time. Master theses are now being made available 
to industry. Information which is not easily access- 
ible is being made available in carefully indexed form. 

Through the cooperation of the leading technical 
schools and universities, master theses that are of im- 
portance to industry and research, will be indexed in 
the technical “‘Digest-Index”’ issued by The National 
Research Bureau, Inc., 415 North Dearborn Street, 
Chicago 10, Illinois. They will be supplied on micro- 
film through the Library of Industrial Research, a non- 
profit organization, acting as clearing house for the ex- 
change of technical, scientific, and management in- 
formation. Many of the leading firms in the United 
States and Canada are members of the Library. 


@ Students, teachers, parents, and others interested in 
medical occupations will find helpful information in 
three new six-page Occupational Abstracts on ‘‘Medi- 
cine,” “‘Nursing,’’ and ‘Medical Laboratory Technolo- 
gist,” just published by Occupational Index, Inc., 
New York University, New York 3, New York, at 
25 cents each, or 75 cents for the three. 
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Each abstract covers the nature of the work, abilities 
and preparation required, entrance and advancement, 
earnings, number and distribution of workers, post- 
war prospects, advantages and disadvantages, and 
source of further information, including a select 
bibliography of the five best references. 


e@ The food situation in parts of the Netherlands 
reached a critical stage as a result of the action of the 
Dutch people in September, 1944, acting on the in- 
structions of the SHAEF, in launching a nationwide 
strike against the Germans occupying their homeland. 
The Germans retaliated at the time by cutting off ship- 
ments of food into occupied Holland and barring food 
movements from the food-producing areas of the 
Netherlands to the urban centers, notably Amsterdam, 
Rotterdam, and the Hague. 

Foodstocks in the western area of the country had 
long since been depleted, and the diet of the Dutch 
people had dropped to 500 calories a day and less, in 
contrast to their normal diet of 2500 to 3000 calories. 
Thousands of the people died from starvation, and 
additional thousands reached a condition so far ad- 
vanced toward starvation as to make impossible self- 
feeding or digestion of ordinary food. The administra- 
tion of predigested protein hydrolysates was considered 
one of the most effective ways of saving these people. 

In an effort to prevent death by starvation of some 
of the 80,000 residents so affected, two shipments total- 
ing 16,000 pounds of a protein preparation known as 
amigen left the United States by plane some time ago. 

Air Transport Command planes carried the precious 
cargoes, on a schedule that called for delivery in the 
Netherlands via the United Kingdom within 48 hours 
of departure from an Atlantic seaboard airport. 

The 5000 liters of amigen solution were sufficient to 
feed 2000 victims intravenously, and the 5000 pounds 
of powder, to be mixed with water and fed orally, 
could take care of an additional 12,000. The ship- 
ments will supplement limited supplies in the United 
Kingdom, which have already been drawn upon to aid 
the people of the Netherlands. 


e A new insecticide, a terpene thiocyano ester called 
“‘thanite,”’ is said to excel pyrethrum! This substance 
was developed by Roger L. Pierpont, of the University 
of Delaware, and is manufactured by the Hercules 
Powder Company. Its toxic effect (“‘knockdown”’) on 
domestic flies is described as slower but more complete 
than that of pyrethrum. 


e@ Teaching ability is recognized as the main criterion 
for promotions at.the University of Washington under 
a new system of standards and procedures for faculty 
promotions recently adopted. Under the new ‘‘code” 
any candidate for promotion may request a survey of 
student opinion in his classes, and a form for the student- 
opinion survey is included in the code. 


© The production of a powerful insecticide, pyrethrum, 
from a daisy-like plant of the same name, has played an 
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important part in the war effort. The insecticide, 
placed in a bomblike container, weighing about one 
pound, is used by the armed forces and has been found 
invaluable in the control of insects carrying malaria 
and typhus. This is particularly important in the 
mosquito-infested areas in the Pacific. 

From the inception of this program in 1942, approxi- 
mately 13,000 tons of pyrethrum have been obtained 
from British East Africa, Belgian Congo, and Brazil. 
Pyrethrum contains about 0.8 to 1.5 per cent pyrethrine, 
the poison contained in the flowers. Pyrethrum is 
lethal to insects but harmless to humans and domestic 
animals. 

The largest source of United States supply is British 
East Africa. In 1943 the United States and Britain 
entered into contract whereby a portion of pyrethrum 
grown in British East Africa would go to the United 
States. Later this was received as reciprocal aid. The 
amount received under this agreement up to May 1, 
1945, was 7000 tons. 

Other sources of supply are Belgian Congo and Brazil. 
The United States received from Brazil from four to 
five times more pyrethrum in 1944 than in 1943 and, 
for the same period of time, three times as much from 
the Belgian Congo. All pyrethrum imported is used 
by the Army with the exception of a small percentage 
of low-grade pyrethrum that is used for agricultural 
purposes. 

Because of the importance of this strategic material, 
pyrethrum was flown rather than shipped during the 
early years of the war from British East Africa to the 
United States to avoid the chance of submarine sinkings. 


e@ Current analysis of the availability of bismuth by 
the WPB and other responsible activities indicates an 
increasingly critical supply situation which will seri- 
ously impede the war effort unless future use of the 
metal and its alloys is restricted to very essential 
applications. The critical status of bismuth has resulted 
from many factors including an unavoidable decrease 
in imports, the exhausting in 1944 of normally accumu- 
lated residues used in bismuth production, and signifi- 
cantly increased war production requirements. 

Possibly 35 per cent of the established bismuth uses 
are directly or indirectly related to aircraft production. 
It is a constituent of certain alloys essential in aircraft 
construction and operation. Of the other established 
uses pharmaceuticals require a relatively large alloca- 
tion, and it is generally recognized that little or no re- 
duction can be made in this use essential to health. It is 
therefore apparent that the aircraft and related in- 
dustries must assume their proportionate share of bis- 
muth conservation in order to assist in maintaining all 
recognized essential applications. 


@ Institution by Princeton University of a program of 
instruction and research in plastics which will be con- 
ducted jointly by five scientific departments was re- 
cently announced by Professor Kenneth H. Condit, 
Dean of the Princeton School of Engineering. 
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The program has the twofold purpose, Dean Condit 
said, of meeting ‘‘the growing demand in industry for 
men equipped with scientific or engineering training 
supplemented by a comprehensive background in 
plastics’”” and of conducting fundamental research in 
plastics and their application. 

Sponsored by the School of Engineering, the program 
is a cooperative enterprise of the departments of 
mechanical, chemical, and electrical engineering, and 
of chemistry and physics. It is believed to be the first 
program to be established in an educational institution 
in this country in which the field of plastics is ap- 
proached from the engineering, as well as the chemical, 
aspect. 


@ To meet a critical shortage, which makes it necessary 
to consider natural rubber ‘“‘in pounds, not tons, from 
now on,’’ all the guayule crop in the continental United 
States will be harvested and processed within the next 
two years, it was announced recently by John L. 
Collyer, special director of rubber programs of the War 
Production Board. 

The Emergency Rubber Project, as the guayule 
planting program is known, was authorized by Congress 
in 1942 to obtain an emergency supply of natural rub- 
ber during the war. The shrub grew wild in the plateau 
areas of Mexico and in parts of our Southwest. While 
the natural rubber obtained from it is not, according to 
rubber experts, the equivalent for all uses of that pro- 
duced on rubber plantations, it is of great value in cer- 
tain products. 

“Our stockpile of natural rubber is in the danger 
zone—95,000. tons at the end of 1944 and estimated to 
fall to 55,000 by the end of this year—due to the de- 
mand for large combat, airplane and bus, truck and 
implement tires,’ Mr. Collyer said. ‘‘By contrast, 
the natural rubber supply in 1942 was more than 
600,000 long tons. 

“In 1942 Congress authorized the Department of 
Agriculture to undertake the cultivation of a rubber- 
bearing shrub, guayule, within our continental limits as 
war emergency insurance to augment our supply of 
natural rubber. We are now going to cash in this in- 
surance. Guayule shrubs increase in rubber content 
each year; therefore more natural rubber was being 
accumulated the longer it was left in the field. Because 
the need for more natural rubber is acute, a survey was 
made to determine the amount available from this 
source within two years. . 

‘“‘As we must consider natural rubber in pounds not 
tons from now on, the Rubber Reserve Company has 


undertaken the task of processing all existing shrub_ 
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during a time when it will be most useful to the war 
effort.” 


@ ‘“Fluorochemistry in food science’’ is the title of a 
bulletin recently prepared by Jack De Ment, research 
chemist for Ultra-Violet Products, Inc. 

It describes how filth, adulteration, and contamina- 
tion may often be quickly and reliably detected by 
simple inspection of foods under the Mineralight ultra- 
violet lamp. 

From it we quote the following: 


‘‘Remarkable results in the instantaneous detection of adultera- . 
tion, impurities, spoilage, and filth are being produced by ultra- 
violet light in an ever increasing variety of foods and related 
materials. This is due to the fluorescence caused by ultraviolet 
light in a great number of products—in characteristic colors and 
degrees of intensity which make split-second identification pos- 
sible. 

“Fluorescence analysis is especially useful and effective in 
testing edibles where the demands include sensitivity, rapidity, 
reliability, and no harm to the sample. ... 

“Ultraviolet rays are just as satisfactory for the detection of 
adulterations and impurities in many foodstuffs. And the 


method is just the same and of equal simplicity. An example * 


of how it works is illustrated by the detection of shells in cocoa. 
The color of shell tissues under the Mineralight is usually buff- 
brown, while the nib tissues appear blue-violet shades. These 
differences are so marked as to be unmistakable to one looking for 
them.” 


e An attractive illustrated bulletin entitled, ‘‘One 
Plastics Avenue,” has been issued by the General 
Electric Company (1 Plastics Ave., Pittsfield, Massa- 
chusetts). It describes a number of recent develop- 
ments in the field of plastics. 


e A bibliography of selected literature and patent 
references on the uses of cerium in conjunction with 
magnesium may be had from the Cerium Metals 
Corporation, 522 Fifth Ave., New York 18, New York. 


e A bulletin entitled, ‘Practice in machining zinc 
alloy die castings’’ (New Jersey Zinc Company, 160 
Front St., New York 7, New York), includes up-to-date 
technical data based on present knowledge and experi- 
ence. 


e@ We are all interested in the answer to the question: 
‘“‘Now that Germany has been conquered, what plans 
shall we make to insure a lasting peace?’ The Chemist, 
published by the American Institute of Chemists, 60 
East 42nd St., New York 17, New York, has collected 
together under the title, “Postwar enemy number one,” 
several reprints of articles discussing the question of the 
economic control of German industry. 


Postwar use of radar to trace the migration flights of birds is contemplated by Prof. 
Maurice Brooks of West Virginia U. Prof. Brooks got the idea from a naval officer in the 
Pacific. Radar on the officer’s ship often detected the presence of large birds 5000 yards 


away when the birds themselves were invisible. 








W. G. KESSEL 
Wiley High School, Terre Haute, Indiana 


URING the past several years many individuals 
have done experimental work in the growing of 
plants without soil. Water culture, hydroponics, 
soilless growth, gravel culture, nutrient solution 
culture are some of the names that have been applied 
to this type of growing. Among these experimenters 
have been several companies with the idea that these 
methods might be of commercial importance. This 
paper deals with the present developments that are 
being carried on at J. W. Davis and Company in 
Terre Haute, Indiana. Their greenhouses cover about 
35 acres where only tomatoes and cucumbers are grown. 
The author is a high-school chemistry teacher who 
accepted the job as chemist for these experiments as 
a part-time job, when their regular chemist went to the 
Navy. The original investigations at this plant were 
carried on by Kendrick Blodgett, who now is doing 
hydroponic work for the Army in the Ascension 
Islands. This work was continued by Keith Owen, 
Jr., who now is in the South Pacific. 
The previous work done has more or less standardized 
the procedures we use in the growing of our specialties. 








But there are numerous factors that make this field an 
interesting and challenging one. 

Let us first consider the mechanical problems in- 
volved in this type of plant growing. There are two 
methods in common use. One is the supporting of the 
plants in gravel, and irrigation of these plants by 
flooding with the nutrient solution. The other method 
is the supporting of the plants over a constantly moving 
nutrient solution, on wire netting, and letting the 
roots drop into the solution. The netting must be 
covered with straw or some material to keep out the 
light and prevent the formation of algae. It is im- 
portant to have the tanks so constructed that there 
will be good drainage toward one end, so that the 
solutions may be used again. Also, these tanks must 
be made or lined with some inert material, as should 
all the equipment that comes into contact with the 
nutrient solution, unless it is cast iron. We use asphalt 
very satisfactorily for this purpose. Each of these 
methods has some advantages and disadvantages in 
operation and cost, and some types of plants seem to 
do better with one method than the other. For example, 
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it is apparent to us that tomatoes do better in the 
gravel culture than in the water culture. It is im- 
possible to give the details of our equipment, but we 
have several hundred cucumber plants and several 
hundred tomato plants growing in each type of culture. 

Let us consider next the elements that are necessary 
for plant growth. All investigators are of one accord 
on having available the major elements, nitrogen, 
phosphorus, and potassium, but they are not agreed as 
to optimum amounts. As for minor elements essential 
for plant growth, there is great variance in opinion as 
to kinds as well as amounts that should be used. The 
formulas that we are satisfactorily using follow those 
suggested by R. B. Withrow and T. M. Eastwood in a 
pamphlet ‘Nutrient Solution Culture of Greenhouse 
Crops” from the Agricultural Experiment Station, 
Purdue University, Lafayette, Indiana. These formulas 
call attention to the necessity of having magnesium, 
calcium, manganese, and iron available for the plants. 
Of course, the presence of other elements may be ad- 
vantageous but only experimental work can reveal 
whether some particular element will help or hinder 
the growth of a plant. We have almost concluded 
that in the case of tomatoes our water supply furnishes 
a sufficiency of all minor elements except iron and 
manganese. As already suggested, the workers in 
this field are not in agreement as to the best concen- 
trations of nutrient elements for plant growth. It is 
apparent that there are desirable variances in concen- 
tration as the plant matures. There are probably 
countless other helps which someone will find some day. 

Oxygen concentration should be on the order of 
from four to eight parts per million, as determined by 
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the Winkler method. But if there is reasonable agi- 
tation this will prove no problem. 

The chief job that the author has is maintaining the 
correct concentration of salts in the nutrient. Analysis 
of the solutions and determination of amounts of salts 
present is done by standard colorimetric reactions and 
comparison with known standards. Space does not 
permit the inclusion of these tests but they are avail- 
able.! 

Numerous experiments on the behavior of a variety 
of chemical agents on the growing plant have been 
carried out. For example, we are using indole butyric 
acid emulsions on the bloom to set the fruit, as well as 
to induce parthenocarpy. This operation works well 
for the tomato and can be used successfully on a large 
scale, although it requires a considerable number of 
hand operations. 

In conclusion, the work that the author has been 
doing in this field is extremely interesting. It has 
opened an entirely new field of thought for him, and 
has given him much experience which will be valuable 
in future teaching. This field seems to have definite 
commercial possibilities. It is not an easy, infallible 
method of satisfactorily growing any plant, for it 
requires much investigation to succeed. However, in 
some fields it has now very definite advantages over the 
traditional methods of growing, and as investigators 
continue their work it may rival growth in soil for many 
plants. 





1 THORNTON, S. F., S. D. CONNER, AND R. B. FRASER, ‘‘The 
Use of Rapid Chemical Tests on Soils and Plants as Aids in De- 
termining Fertilizer Needs,”’ Circular 204 from the Agricultural 
Experiment Station, Purdue University, Lafayette, Indiana. 
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OFFICIAL BUSINESS 


231st Meeting—May 5, 1945 
Wellesley College 
Wellesley, Massachusetts 


AT THE 231st meeting of the N.E.A.C.T. held at. 


Wellesley College, Wellesley, Massachusetts, the follow- 
ing program was given: ‘Science in general education,” 
John Pilley, Department of Education, Wellesley 
Ccllege; ‘‘Release of energy in cells,’ Robert H. Wood- 
worth, Department of Biology, Bennington College, 
Bennington, Vermont; ‘Present problems of the 
Federal Food and Drug Administration,” Andrew M. 
Allison, Director of the Boston Office and Laboratories; 
‘“‘Luminescent materials and their applications,’ James 
H. Schulman, Sylvania Electric Products, Salem, 
Massachusetts. The annual business meeting followed 
this program and the results are given below. 

The following roster of officers of the N.E.A.C.T. 
will serve for the year 1945-46: 


President: Millard W. Bosworth, Vermont Academy, Saxtons 
River, Vermont 

Vice-President: Eldin V. Lynn, Massachusetts College of Phar- 
macy, Boston, Massachusetts 

Secretary: Dorothy W. Gifford, Lincoln School, Providence, 
Rhode Island 

Treasurer: Theodore C. Sargent, Swampscott High School, 
Swampscott, Massachusetts 


Curator: G. Davis Chase, Jr., Senior High School, New Britain, 
Connecticut 
Auditor: §. Walter Hoyt, Mechanic Arts High School, Boston, 


Massachusetts 
Trustee of the Endowment Fund: Elbert C. Weaver, Phillips 
Academy, Andover, Massachusetts 
Division Chairmen: 
Central Division: Raymond E. Neal, Simmons College, Bos- 
ton, Massachusetts 
Northern Division: John Hogg, Phillips Exeter Academy, 
Exeter, New Hampshire 
Southern Division: Clinton S. Johnson, Rhode Island College 
of Pharmacy, Providence, Rhode Island 
Western Division: Donald C. Gregg, Amherst College, Am- 
herst, Massachusetts 


NEW MEMBERS 


William T. Cowing, 15 Cushing Avenue, Belmont 78, Massa- 
chusetts 

Ruth H. Ellis, Vassar College, Poughkeepsie, New York 

Charles R. Gadaire, Belchertown Road, Ludlow, Massachusetts 

Pritchett A. Klugh, 82 Harold St., Boston 19, Massachusetts 

John F. Morris, S.J., Cranwell School, Lenox, Massachusetts 


36 


Report of the 
NEW ENGLAND ASSOCIATION 


of CHEMISTRY TEACHERS 


James G. Murphy, 422 Washington St., Middletown, Connecti- 
cut 

Walter R. Williams, 219 Washington Avenue, West Haven 16, 
Connecticut 


SEVENTH SUMMER CONFERENCE 


Massachusetts State College 
Amherst, Massachusetts 
August 9-13, 1945 


The seventh annual summer conference of the 
N.E.A.C.T. is scheduled for the weekend of August 
9-13 from Thursday evening to Monday noon, in- 
clusive, at Massachusetts State College, Ambherst, 
Massachusetts. The annual symposium will be 
centered on the subject of chemical equilibrium and 
will be conducted by Professor A. R. Davis, Massa- 
chusetts Institute of Technology, and a group of 
secondary school chemistry teachers. The program is 
given below. 


Although the summer conference is held principally for the 
benefit of members of the N.E.A.C.T., anyone interested will be 
welcome. Housing will be available at the college. Families of 
teachers will find Amherst an interesting spot since it is in one 
of the most picturesque sections of the Connecticut Valley. 
Massachusetts State-College, founded by the Morrill Act of 1862, 
was opened to students in 1867. The campus consists of 700 
acres about one mile from the center of Amherst and another 
area of 750 acres six miles north on Mt. Tobey, used as a demon- 
stration forest. . 

Amherst is located 88 miles from Boston and may be reached 
by the Central Vermont Railroad or by bus connections from 
Northampton, Holyoke, Greenfield, and Springfield. 

The cost of meals and lodging for each day will be $2.50, or 
for the entire conference, $10.00. All members and others in 
attendance must register to help carry the expenses of the con- 
ference. The schedule of registration fees for all or part of the 
conference is as follows: 


Members: $3.00 if paid before August 1. 
$4.00 if paid after August 1. 
Nonmembers: $6.00, including membership in the associa- 


tion and subscription to Tuts JouRNAL for one-half year. 
Nonprofessional guests: $1.50. 


Dr. John R. Suydam, St. Mark’s School, Southboro, Massa- 
chusetts, is Chairman of the Conference and Constance Bartholo- 
mew is treasurer. Ail communications concerning the confer- 
ence. should be addressed to the conference secretary, Miss 
Dorothy W. Gifford, Lincoln School, Providence 6, Rhode Island. 
The other members of the committee are the following: Clifford 
K. Bosworth, Millard W. Bosworth, Leallyn B. Clapp, E. Harold 
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Coburn, Richard W. Fessenden, Rev. Bernard A. Fiekers, S.J., 
Donald C. Gregg, Carroll B. Gustafson, William S. Huber, 
Vernon K. Krieble, Lorne F. Lea, William F. Luder, Zelda J. 
Lurie, Eldin V. Lynn, Lucy W. Pickett, Walter S. Ritchie, and 
Theodore C. Sargent. 

The following tentative program has been arranged: 


First Session— Thursday evening, August 9 
Welcome—Hugh P. Baker, President, Massachusetts State 
College 
“Effects of fatigue on the body,” William H. Forbes, Harvard 
Fatigue Laboratory, Cambridge, Massachusetts 


SECOND SESSION— Friday morning, August 10 
“Chemistry of taste,”” Ernest C. Crocker, A. D. Little Com- 
pany, Cambridge, Massachusetts 
“Snow crystals,’”’ Vincent J. Schaefer, General Electric Com- 
pany, Schenectady, New York 
“Popular chemical demonstrations,’’ Arretta Watts, E. I. 
du Pont de Nemours & Company, Wilmington, Delaware 


THIRD SESSION— Friday afternoon, August 10 
“Interpretation of titration curves,’’ A. F. McGuinn, S.J., 
Boston College, Chestnut Hill, Massachusetts 
“Chemistry applied to animal husbandry,” J. G. Archibald, 
Massachusetts State College, Amherst, Massachusetts 
Inspection of the College 


FOURTH SESSION— Friday evening, August 10 
Topic and speaker to be announced 


FIFTH SESSION—Saturday morning, August 11 
Symposium ,on chemical equilibrium, A. R. Davis, Massa- 
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chusetts Institute of Technology, Massa- 
chusetts, and secondary school teachers 

“Chemistry at low temperatures,” C. C. Stephenson, Massa- 
chusetts Institute of Technology 

‘Complex ions in solution,’’ H. J. Smith, Massachusetts State 


College, Amherst, Massachusetts 


Cambridge, 


SrxTH SESsION—Saturday afternoon, August 11 
“Silicones,’’ Shailer L. Bass, Dow-Corning Corporation, 
Midland, Michigan 


SEVENTH SESSION—Saturday evening, August 11 
Motion pictures 
‘Science belongs to youth,’ Watson Davis, 
Director, Science Service, Washington, D. C. 


Executive 


EIGHTH SESSION— Sunday afternoon, August 12 
“Sugar chemistry,’’ Robert C. Hockett, Sugar Research 
Foundation, New York City 
“Regeneration of the hemoglobin,’’ Julia O. Holmes, Massa- 
chusetts State College, Amherst, Massachusetts 


NINTH SESSION—Sunday evening, August 12 


‘‘Hormones,”’ Bacon F. Chow, Squibb Institute for Medical 
Research, New Brunswick, New Jersey 
Topic and speaker to be announced 


TENTH SESSION— Monday morning, August 13 


Symposium on chemical equilibrium, A. R. Davis and others, 
Topic and speaker to be annouaced 


A SIMPLE EXPERIMENT ILLUSTRATING THE PREPARATION AND 
PROPERTIES OF ISOBUTYLENE 


(Continued from page 356) 


manganate ion to the colorless manganous ion vividly 
shows the ease of oxidation of alkenes in the cold, and 
the formation of the insoluble oil and loss of color in the 
bromine tube illustrates clearly the addition type of 
reaction. It is unfortunate that bromine reacts with 
isobutylene to give a mixture of mono-, di-, and tri- 
substituted bromobutanes.* For this reason the result- 
ing oil cannot be conveniently used for the preparation 
of 1,2-dibromo-2-methylpropane. 

The polymerization of isobutylene by concentrated 
sulfuric acid to di-isobutylene and higher polymers 
illustrates the alkylation reaction of the petroleum in- 
dustry, and the pronounced gasoline-like odor as well 





3 KOMAREWSKI, V., ET AL., J. Am. Chemi. Soc., 56, 2705 (1934). 


as the insolubility in water of the product make this 
experiment a simple example of this important indus- 
trial reaction. The absorption of isobutylene in dilute 
sulfuric acid with the formation of tert-butyl alcohol 
illustrates the industrial preparation of alcohols from 
alkenes. 

Comparison of this reaction with the action of con- 
centrated sulfuric acid makes an excellent example of 
the effect of conditions on the products formed during a 
reaction. This simple experiment along with appropri- 
ate questions clearly covers the chemistry of alkenes 
and the utilization of this chemistry by the petroleum 
industry. Very few experiments are available which 
can be run so easily and cheaply and illustrate so many 
facts. 








QUICK FREEZING 


“The recent cold spell .. . brought strange effects . . . to make ice for Fleetwood’s 
fish, the . . . Ice Company had to apply to the Minister of Fuel for a permit for two 
tons of coke to thaw out their pipe lines. Such a strange example of freezer frozen 
naturally rouses some doubt whether our refrigeration methods are foolproof. .. . 
Fortunately, a new scheme has been proposed . . . to use obsolete warplanes to transport 
stratospherewards whole cargoes of fresh fruit and vegetables, open to the frosty heaven 
the compartment doors .. . and bring down such food refrigerated instantly by what 
the old thermometer-makers would have called Magnum Frigus, Great Cold.”’ 





RECENT BOOKS 


THEORY OF X-RAY DIFFRACTION IN CrysTALs. William H. 
Zachariasen, Associate Professor of Physics, University of 
Chicago. John Wiley and Sons, Inc., New York, 1945. 
vii + 255 pp. 30 figs. 21 tables. 14 XK 22cm. $4.00. 
Most properties of substances depend primarily on the kinds 

of atoms they contain and their relative arrangements in space. 
The most powerful technique known for deducing these arrange- 
ments is that of X-ray diffraction. By this technique it is now 
possible to arrive at the atomic distributions in crystalline 
compounds of great complexity and also to learn a considerable 
amount about these arrangements in partially crystalline and 
poorly crystalline materials. The book under review is written 
for research workers in this field. 

As might be expected, the theory of the interaction between 
X-rays and crystals is far from simple, especially when crystal 
imperfections and temperature effects are considered. A 
thorough, consistent, well-ordered, and clearly written treatment 
of the subject, such as that now given us by Professor Zachariasen, 
is very welcome to those of us who are in this line of work. We 
owe him and the publishers—who have also done a difficult job 
well—a big debt of gratitude. 

The presentation is necessarily mathematical. The book is 
not suitable for use as a textbook, nor is it one to be picked up 
for light reading by anyone only casually interested in the 
subject. 

The price is very moderate. 

Maurice L. HuGGINS 

KopAK RESEARCH LABORATORIES 

ROCHESTER, NEw YORK 

ORGANIC SYNTHESES. Volumes 22 and 23. Lee Irvin Smith, 
Editor-in-Chief. John Wiley and Sons, Inc., New York. 
Volume 22, 1942. v + 114 pp. 15 X 23.5 cm. $1.75. 
Volume 23, 1943. iii + 124 pp. 15 X 23.5cm. $1.75. 


Volumes 22 and 23 of Organic Syntheses describe methods of 
preparing 34 and 39 organic compounds, respectively. The form 


used in describing each preparation is unchanged from that of 
previous volumes in the series, giving in each case the reaction 
involved, the experimental procedure, explanatory notes on 
various steps in the procedure, and finally a short résumé of other 
methods of preparation. 

The usefulness of this well-known series in furnishing, to 
research workers, teachers, and students, clear and workable 
directions for the preparation of organic compounds is too well 
known for Volumes 22 and 23 to warrant particular comment, 
other than to state that it will be necessary to purchase them 
separately because of the recent publication of Collective Volume 
2 of the series which contains Annual Volumes X to XIX. 

M. F. Roy 


BROWN UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


McGraw-Hill 
15 X 


John Arrend Timm. 
xii + 692 pp. 


GENERAL CHEMISTRY. 
Book Company, Inc., New York, 1944. 
22.5cm. $3.75. 

The reviewer chanced to open Professor Timm’s text to page 
324 when he first obtained the book and upon reading that page 
was not anxious to lay it aside thereafter. On this page is re- 
produced a part of an address by Arrhenius before the Chicago 
Section of the American Chemical Society describing the recep- 
tion of his theory of ionization. The author seems to have 
added just the right amount of historical background and 
stories about chemists to make the text fascinating, both to in- 
terested freshmen and inorganic chemists. 

Anyone who knows Professor Timm can almost hear him 
speaking through the pages of his book to his class. This con- 
versational style may not appeal to staid minds but students will 
rightly enjoy it. 

More space and content is devoted to the gradual quantitative 
development of theories in this book than in most elementary 
texts. In fact there are a number of topics treated (not ex- 
haustively, of course), which are often left to quantitative 
analysis or physical chemistry, e. g., solubility products, kinetic- 


molecular theory, reaction velocity, chemical equilibria, and a 
picture of the nucleus from the physicist’s viewpoint. The repe- 
titive method of driving home theories by an ever increasing 
quantitative picture is very well done throughout the text. 

Perhaps the most notable contrast between this book and 
some other current ones is that the author uses the Lowry- 
Bronsted concepts of acids and bases and sticks to them. It 
cannot be said that the theory used here is 20 years behind cur- 
rent thought as is so often said about chemical textbooks. 

Less than 20 per cent of the space is devoted to metallurgy and 
the descriptive chemistry of the metals. This is less space than 
was given to the same topics in seven of eight recent inorganic 
textbooks investigated. 

Adequate chapters on the colloidal state and organic com- 
pounds are included and the illustrations throughout are well 
selected. 

LEALLYN B. CLAPP 
BROWN UNIVERSITY 

PROVIDENCE, RHODE ISLAND 
PHOTOMICROGRAPHY: A HANDBOOK ON PHOTOGRAPHY WITH THE 

Microscope. Fourteenth Edition. Eastman Kodak Com- 

pany, Rochester, New York, 1944. 174 pp. Illustrated. 

14.5 X 21.5cm. $2.00. 

The fourteenth edition of this valuable book continues the 
progressive improvement evident through the previous editions. 
The reviewer’s chief criticism is that the style is too ‘‘tight’”’ and 
the information too compressed. The reader may have to 
study some sections rather carefully, especially if he has little 
grounding in microscopy or photography, but the advanced 
worker will find the discussions excellent, in theory and scope 
as well as in detail. Emphasis is properly placed upon photog- 
raphy rather than on microscopy, but the examples and ap- 
plications are on the whole well selected, and the treatment of the 
optics of illumination is sound. 

The discussion of the characteristics of light sources in rela- 
tion to filters and to direct color processes is particularly good, 
although it gives the impression that more refinements are neces- 
sary than many successful users of color film ordinarily employ. 
This section of the book is strongly recommended to all workers 
who are concerned with the photomicrography of colored objects. 

More stress might have been laid upon particle-size studies of 
pigments, as embodying requirements of illumination, contrast, 
and resolution more exacting than those of biological specimens. 
The bibliography appears rather sketchy, particularly as regards 
important journal articles. 

C. W. Mason 

CoRNELL UNIVERSITy 

IrHaca, NEw YorkK 
GERMAN-ENGLISH DICTIONARY OF METALLURGY. T. E. R. 

Singer, Formerly in Charge, Chemistry Reading Room, New 

York Public Library. McGraw-Hill Book Company, Inc., 

New York, 1945. ix + 298 pp. 12.5 X 18cm. $4.00. 

The user of this admirable little book must recognize at once 
that it is only one of several tools that he must have in translating 
a technical article from German into English. It is essentially 
a list of German metallurgical words and phrases with their 
English equivalents so that it presupposes a reading knowledge 
of literary German and the availability of a nontechnical dic- 
tionary. 

A rather large and random sampling indicates an excellent 
and quite complete selection of words in the highly specialized 
fields of metallurgical and mining practices. Many words and 
phrases never found in a conventional German-English dictionary 
are included. This book will be of the greatest value to anyone 
concerned with the reading of papers or patents in the special 
field. 

The dictionary is convenient in size, well bound, and clearly 
printed. It deserves a place in every research and technical 
library. 

ROBERT S. WILLIAMS 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 
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DIAMETER, AND Has A LIMB SPREAD OF 125 FEET. PROBABLY 90 YEARS OLD 


(See page 367) 
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Editors Outlook 


] gr arnnweery you have never heard the story of the 
Giant of Antwerp. Here it is. 

On the Scheldt, below Antwerp, there lived a giant, 
Antigonus. He exacted a heavy toll from ships enter- 
ing the river and cut off a hand of every shipmaster 
who refused to pay, throwing it into the river. There 
came a time when a hero, named Brabo, killed An- 
tigonus and threw both his hands into the river. For 
some reason Antigonus has become a sort of patron 
saint of the city of Antwerp and his bones are carefully 
preserved in the Hétel de Ville. The upper leg bone is 
51/2 feet long; his shoulder blade is broader than a 
strong man’s back. All of which would indicate that the 
giant stood 18 feet high. In recent years, paleontolo- 
gists have identified the bones as those of a whale. 

Considering the state of modern enlightenment, you 
might expect Antwerpers to have abandoned the tale 
when the hoax was exposed; but on the contrary, every 
true son of Antwerp is said to believe it, even in the face 
of the osseous incongruity. For, after all, someone prob- 
ably had to terrorize the city in those days, and—well, 
there were the bones, weren’t they? 

There are two morals to the story. The first is the 
obvious one: if you are going in for superstition do a 
good, proper job of it. Don’t let yourself get caught 
holding a whale bone which you can’t explain. At least 
call it the bone of the whale that swallowed the giant 
that robbed the city. Being somewhat in the line of 
Biblical tradition, it might be possible to get away with 
such a story. 

The second moral has to do with the so-called scien- 
tific method and—perhaps in consequence—is consider- 
ably more involved. 

Historically, traditionally, and fundamentally, science 
and superstition have been closely entangled. The 
clash between them—like a civil war—has been intensi- 
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fied by the fact that they spring from a common 
source—the principle of ‘‘seems-as-if.”’ However, 
there is this difference: while superstition is believing in 
fairies blindly and unconsciously, science is believing in 
fairies with your eyes open and consciously. If that» 
sounds like nonsense turn to the chapter on atomic 
structure in almost any textbook of elementary chem- 
istry. See those little atom models with rings of rotat- 
ing electrons? Well, if those aren’t “fairies” I never 
saw one! If you think atoms look like that you're 
merely superstitious; if you understand that it seems as 
af atoms work that way, then you are beginning to be 
scientific. The dreadful danger in this whole chapter of 
chemistry teaching is that students may be permitted to 
stop after having taken only the first of these two steps! 

Ellwood Hendrick had it in the little jingle he wrote 
long ago: 

“T used to think theology was rather rough on doubt, 

But chemistry, with ions, beats theology all out. 
So you’d better get your Bible down before you’re well begun, 
For you’re going to need to exercise the art of faith, my son.”’ 

Faith, imagination, fairy stories—they’re all tools of 
science,. if you know how to use them. Who said 
science was humdrum and boresome? But there is a 
catch in it, of course, which is the difference between 
science and superstition. You don’t merely go for a 
joy-ride with your imagination; you go for a definite 
purpose, in the bright light of day, checking every cross 
road on the map of experience. 

And when you are through you bring back something 
called a theory, which is an aid to your understanding, 
something which enables you to say: “If things are 
actually built the way this fairy story describes them, 
then they would work the way I always see them work. 
And that’s the nearest I can possibly come to the truth 
of the matter.” 


- ASHTY 
FR / View ARTS 





Whati Been Going On 


ATURAL gas travels from Texas to Cleveland, Ohio, via the 
new 24-inch pipe line, in six days. 

The lack of a uniform screw thread, according to an estimate 
by William L. Batt of the War Production Board, has cost the 
Allies $100,000,000. 

Resinous compounds have been developed by the Wilmington 
Chemical Corporation and Synvar Corporation for use in the seal- 
ing of oil wells. 

According to Missoula pathologists, traces of cobalt are es- 
sential to the proper growth and development of sheep. 

Tiny gyro-stabilizers, with which certain American tanks are 
equipped, enable gunners to fire accurately while racing across 
rough battlefields. 

The ideal climate, according to S. F. Markham, is one in which 

, man neither perspires nor shivers when at rest. With the advent 
of air conditioning of offices, homes, and shops, both mental and 
thysical productivity should be stepped up. 

During 1944 the three synthetic rubber plants, which are oper- 
ated by the Government, produced 53 new synthetic rubbers. 
Of these, eight types have been adopted for specific applications. 

When 2,4-dichlorophenoxyacetic acid is applied to lawns and 
grass plots to the extent of five gallons, of a salution containing 
1 part in 2000, per 1000 square feet of plot, the weeds are de- 
stroyed without injury to blue grass. Relatively resistant weeds 
include broad-leaf plantain, crabgrass, daisy, sheep sorrel, and 
yarrow, whereas the treatment is effective against broad-leaf 
dock, chickweed, dandelion, knotweed, lawn pennywort, narrow- 
leaf plantain, pigweed, and wood sorrel. 

Cell-tite, which is a synthetic rubber product, is claimed to have 
the highest strength-weight ratio of any commercial product. 

Fibrin foam, a by-product of blood banks, has been used ef- 
fectively in the treatment of hemophilia. 

The wrapper leaves of cabbage contain about two times as 
much vitamin C as do the inner leaves. 

It is reported that over 300 marketable products are produced 
from soybean and 200 from corn. 

The British Medical Journal reports that penicillin lozenges 
have been used successfully ‘‘to combat strep sore throat, trench 
mouth, and other mouth and throat infections.”’ 

Sodium chloride deficiency, according to a medical authority, 
may increase susceptibility to infantile paralysis. 

Rocket mail from New York to London in about an hour is 
both a possibility and a probability. 

It is estimated that about one-fourth of all the water is beneath 
dry land. 

Preliminary experiments indicate that the in vivo dyeing of 
trees to produce colored lumber is a probability. When an ap- 
propriate dye is fed into the trunk of a young tree by gravity, 
the dye is distributed uniformly throughout the structural tissue. 
Lavender, blue, orange, and yellow woods have been produced 
from small trees. 

The sweetness of licorice is attributed to glycyrrhizim, which is 
50 times as sweet as cane sugar. 

So-called gamma-globulin, which is a by-product of blood 
banks, is the ‘‘material of choice’’ for protection against measles. 

Transfusions of whole blood, as the result of methods now 
available to keep it fresh in its long journey, are available in the 
mid-Pacific and the Philippines. 

A recently drilled oil well in Texas has a depth of nearly three 
miles—15,279 feet. 

A $2,000,000 synthetic rubber plant is under construction in 
Sweden. 

Experiments by Campbell and West, British paint chemists, 
indicate that the use of DDT in interior paints provides satis- 
factory protection against flies and other insects. 

A vat with a capacity of 1000 cubic feet, filled with a certain 


strain of meaty-flavored food yeasts, will produce as much pro- 
tein per year as a 1000-acre field of corn or wheat. 

Uranine is a fluorescent oil which is used by airmen and sailors, 
afloat on rubber rafts, to signal by night to scouting planes. 

Colorful, long-wearing plastic shoes, which are made of vinylite, 
are expected to be available soon. 

Allicin, which is similar to penicillin, is a new drug, which has 
been isolated from garlic. 

The research group at the regional laboratory at Albany, Cali- 
fornia, has produced a highly elastic, synthetic fiber from chicken 
feathers. 

Folic acid, according to preliminary tests at Mount Sinai 
Hospital, is effective against cancer in mice. 

Pulverized coal, mixed with water, may be transported eco- 
nomically by pipeline. About 130,000 miles of pipe line now serve 
the U. S. in transporting crude oil, gasoline, and natural gas. 

About three tons of tin are used in the construction of a sub- 
marine. 

From 1920 to 1940 the number of industrial laboratories in the 
United States increased from 297 to 2350. From 1925 to 1942, 
the exports of U. S. chemicals and allied products increased from 
$40,000,000 to $4,000,000,000. 

Material and labor postwar costs of synthetic rubber, accord- 
ing to the Office of Rubber Director, is estimated as: neoprene- 
GN, 19 cents per pound; butyl, 12 cents; Buna-S, 11 cents; 
butadiene, 7 cents; and styrene, 5 cents. 

Of 1200 chemicals tested for the killing of larvae in wounds, 
diphenylamine was found to be the best. 

Dimethyl] phthalate is reported to be an effective repellant for 
chiggers, fleas, flies, gnats, mosquitoes, sandflies, and ticks. 

About 25,000 tons of reclaim rubber are used per month cur- 
rently, if available, in the production of camelback for retreading 
(8 per cent), heels and soles (17 per cent), miscellaneous items 
(25 per cent), and tires and tubes (50 per cent). About 16 per 
cent of the reclaim is obtained by the Hall-Bushnagel process, 
80 per cent by the Marks alkali method, 3 per cent by the Mitchell 
acid process, and the rest by other procedures. The reclaim of 
synthetic rubber is on the increase. 

When the War Production Board asked for a temporary house 
which is capable of withstanding heat, rain, snow, and wind, the 
answer was found in the production of a paper house by the 
Institute of Paper Chemistry. This paper house accommodates 
four, costs $110, and can be assembled in one hour. 

Hypholin, which is obtained from Penicillium notatum, the 
producer of penicillin, is about 2000 times as potent as penicillin. 

A new white paint pigment, tetra lead pyrophosphate, is su- 
perior in light reflecting tests to the usual titanium pigment. 

Dicumarol, 3,3’-methylenebis(4-hydroxycoumarin), and hep- 
arin, anti-blood-clotting agents, may prove to be very effective in 
the prevention and treatment of coronary thrombosis. 

The production of tannin is one of the largest chemical indus- 
tries of Brazil. 

The advances in the chemistry and technology of bonding ma- 
terials or glues have been so marked that someone has predicted 
that “‘the world of tomorrow will be welded with a brush.” 

The production of penicillin in 1945 is expected to triple the 
total output in 1944. 

Styraloy, which is produced from styrene and butadiene, is the 
trade name of a new Dow product which is a cross between plas- 
tics, rubber, and wood. 

About 85 per cent of the total rubber requirements in the U. S. 
are being met satisfactorily by the various synthetic products. 

Gammexane, according to Roland Slade of Imperial Chemical 
Industries, is a new insecticide which is said to be five times as 
potent as an insecticide as is DDT. 

—-Ep. F. DEGERING 


366 








pro- 
lors, 
rlite, 
| has 


~ali- 
cken 


Sinai 


eco- 
erve 


sub- 


| the 
942, 
rom 


ord- 
ene- 
nts; 


nds, 
t for 


cur- 
ding 
ems 

per 
“ess, 
‘hell 
n of 


use 
the 
the 
ates 


the 


su- 


2h 
Be bet 
a i «hs 
rowing! ; 

oe # 


e 


Ih ed aig. 


en 


ly 


. GILES B. COOKE 


Crown Cork & Seal Company 
Baltimore, Maryland 


ORK is familiar to every chemist and student of 
chemistry. In the form of cork stoppers it fills a 
specific need in all chemical laboratories. A limited 
number of scientific workers know the source of cork 
and some of its other numerous applications. A few are 
familiar with its properties and chemical nature, Cork 
is a very important material. It is essential to our 
national economy and possesses unique chemical and 
physical characteristics. All of the cork we use, or ever 
have used, commercially is imported from Europe or 
Africa. Yet more than 4000 mature cork trees are 
growing in the United States and thousands more are 
being planted every year from California to Florida and 
from New Jersey to Texas. Why is cork so important 
and why is so much interest being taken in this unique 
material? 

A few years ago cork was little known. Today it is 
much discussed and is being extensively planted. The 
exotic cork oak, which has provided essential cork for 
more than 2300 years, is now being established in our 
country. On private property, in parks, alohg high- 
ways, and about public buildings this valuable tree that 
produces the cork of commerce is being planted with 
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determined care and enthusiasm. Why all this upsurge 
of interest in growing cork? 

In addition to supplying stoppers for scientific and 
many other important uses cork serves us in various 
ways. This product of the cork oak is needed for low- 
temperature insulation, shoe innersoles, gaskets of many 
types, closure liners for foods and beverages, linoleum, 
life jackets, floats and buoys, and numerous other uses. 
Because of its unusual physical and chemical properties 
there is no substitute which can replace cork in all of 
these applications. Cork is indispensable and it should 
have been grown in this country years ago. 

The war has made shipments of cork to the United 
States both difficult and doubtful. There has been 
sufficient for military needs and some for civilian use. 
But our cork imports have been closely watched since 
September, 1939, and at times the situation appeared 
very uncertain. During the past six years many per- 
sons in this country have wished cork trees grew here in 
large numbers. 

Cork was planted in the United States a long time ago 
and a limited number of cork trees have been growing 
here for practically 100 years. As far back as 1785 
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Thomas Jefferson became interested in planting the 
cork oak in this country. In 1787, while in France, he 
sent a package of cork acorns to William Drayton of 
“Magnolia” at Charleston, South Carolina. No cork 
trees were obtained from these acorns but Jefferson con- 
tinued to urge the planting of cork trees until his death 
in 1826. While no record has been found that any cork 
oaks grew from Thomas Jefferson’s plantings his efforts 
toward introducing the tree were not in vain. 

The Federal Government became interested in the 
cork tree and brought in a limited quantity of seed in 
1858. Again in 1880 cork acorns were imported and 
from these plantings some cork trees grew to maturity. 
These efforts, together with subsequent private and 
state plantings, are responsible for the limited number 
of cork oaks in the. United States today. Of the trees 
that have survived the first planting some are today 
magnificant specimens having large trunks covered 
with thick resilient cork and heavy spreading branches. 

These old cork trees, and others not quite so old, 
show definitely that the cork oak can be grown in many 
parts of the United States. Before the outbreak of 
World War II, Charles E. McManus, President of 
Crown Cork & Seal Company, examined some of these 
domestic cork oaks. The good quality of the cork bark 
was recognized and more trees were inspected. The 
bark on all the trees showed the characteristics of good 





> ie, 


> 


HUNDREDS OF THOUSANDS OF CorK ACORNS LIKE THESE ARE 
COLLECTED AND DISTRIBUTED ANNUALLY 
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grade cork. Mr. McManus realized the tremendous 
value of having cork grown here in our own country. 
Plans were made at once to collect acorns for planting. 
A Cork Project was established. 

The Cork Project is designed to add to the natural 
resources of our country and to provide in the United 
States a source for at least a part of the nation’s cork 
requirements. The Project has been functioning over 
five years and excellent progress has been made. 
Acorns are collected annually for planting—over a 
million were distributed last winter. Old trees in 
selected areas are stripped each year and the cork proc- 
essed for exhaustive testing and evaluation. Already 
more than 12 tons of cork have been removed from over 
600 trees and found to be of good quality. Twenty 
states are cooperating with large yearly plantings, and 
others are planting smaller experimental quantities. 
The United States Forest Service, State Forestry De- 
partments, Forestry Schools in the Universities, Ex- 
tension Foresters, and local agricultural agents are co- 
operating with the cork planting program. The inter- 
est and cooperation given by these experts trained in 
tree culture has contributed greatly to the rapid 
progress that has been made. The success of many im- 
portant plantings is due to their knowledge and skill. 
With such extensive and intensive effort much has been 
accomplished in a comparatively short time. 

It is obvious that the cork oak will thrive where old 
cork trees are growing. However, at the beginning of 
the cork program it was essential to determine all sec- 
tions in the United States where the tree was likely to 
grow. An exhaustive study of soil, climate, rainfall, and 
temperature conditions in the United States was made 
and these data compared with those of the cork-produc- 
ing sections of Spain and Portugal. From this study a 
physicogeographical map showing the potential cork- 
producing areas in this country was prepared. While 
this map serves as a guide in planting cork trees seed- 
lings have been distributed to interested persons out- 
side of this theoretical cork area. It is possible that 
some sections of our country indicated as less desirable 
for growing cork may prove satisfactory for this tree. 

Most of the cork acorns are obtained in California, 
and this winter over 12,000 pounds were collected in 
that state. However, acorns are gathered from the 
cork trees in Arizona and the southern states. Some 
cork seed has been imported. In 1943-44 in cooperation 
with the United States Forest Service and the Spanish 
Ministry of Agriculture cork acorns were imported from 
Spain. This past winter, in addition to the six tons of 
California seed, acorns were brought here from Spain, 
French Morocco, and Algiers and distributed in 20 
states. 

Cork acorns are perishable and sprout within a short 
time after they mature. For those states where the 
winters are cool the acorns are kept in cold storage until 
the spring thaw begins. Under temperatures from 34 
to 38°F. with high humidity, cork acorns have been held 
viable for from two to three months. 

At the present time the number of plantings made 
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each year depends upon the quantity of acorns avail- 
able. Through research, efforts are being made to over- 
come this limitation. Intensive work on the rooting of 
cuttings has been in progress several years. Cuttings 
from mature cork trees have been successfully rooted at 
the Fruitland Nurseries, Augusta, Georgia. Additional 
research is being conducted on this work in an effort to 
establish all the factors controlling the rooting process. 

Grafting of cork oak scions to seedlings of native oaks 
is being thoroughly investigated. Work at the Cali- 
fornia Range and Experiment Station has resulted in 
successful grafts of the cork oak to several native oaks. 
Experiments are being continued with these oaks, and 
other varieties are under test. Growth of the grafted 
cork oaks will be carefully watched. 

Stripping tests are an important part of the research 
program. The best quality of cork comes with the 
third and subsequent strippings. Therefore, it is 
practical to make the first and second strippings as soon 
as possible. Stripping tests have been made on trees 
eight and ten years old. It may be found possible to 
make the third stripping when the cork oak is 20 years 
old—the time the first stripping is made in Spain and 
Portugal. 

While the cork oak will grow under a wide range of 
soil, temperature, and rainfall conditions, like any 
other plant it will grow best under ideal conditions. 
The fastest growing cork tree planted under the Mc- 
Manus project is at Hastings, Florida. Here a small 
cork seedling eight inches high was planted in May, 
1942. In January, 1945, it had grown to a tree over 
eight feet, high and three inches in diameter one foot 
from the ground. Other examples of good growth are 
at Columbia, South Carolina; Chapman, Alabama; 
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Augusta, Georgia; Butte County, California; and 
Phoenix, Arizona. 

In the cork oak nature generously has combined 
beauty with usefulness. The cork tree is an evergreen 
and makes an excellent ornamental shade tree. Its 
heavy green foliage during the winter season is a de- 
lightful contrast to the bare limbs of deciduous trees. 
Cork trees have been planted on large estates along 
with various varieties of shrubs and flowering trees. 
They are equally suitable for smaller lawns on which, in 
a few years, they will provide both shade and beauty. 

For farm homes the cork oak fills more than one 
need. They are being planted as windbreaks, as well 
as along fence lines, about the lawns, and wherever 
shade is needed. Cork acorns, which are large and _ 
produced in generous quantities, serve as a supple- 
mental stock food. In Portugal alone 200,000 tons of 
cork acorns are fed annually to hogs. When the cork 
trees that are now being planted in this country bear 
acorns they can be converted into many pounds of 
pork every year. 

The cork oak is very suitable for planting in living 
memorials to our nation’s heroes of World War II. 
The tree has long life, usually living for 150 years, and 
with care may live much longer. Cork is essential for 
the Army and Navy. It has served our armed forces 
well in many ways. Cork oaks will add beauty and 
value to living memorials and strength to our nation. 

We know the cork tree grows well under conditions 
that are favorable. In five or six years cork oaks at- 
tain attractive size and greatly add to the appearance 
and value of the planted area. Through the Cork 
Project the maximum number of cork oaks is being 
planted every year. 
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The Periodic System and Atomic Structure 
II. Detailed Introduction to the Wave Mechanical Approach 


WILLIAM J. WISWESSER 


Cooper Union, New York City 


CIENTIFIC progress in the 20th century has been 
characterized by tremendous clarifications in 
atomic structure. No longer is it a question of whether 
or not atoms exist; Ernst Mach was the last great 
skeptic to insist that the physical existence of atoms 
could not be proved. By the time he died, in 1916, 
atoms had been counted in three different ways 
(Geiger, 1908; Perrin, 1911; Millikan, 1912), had been 
penetrated (Rutherford, 1911), tracked (C. T. R. 
Wilson, 1912), measured (Bragg, 1912), numbered 
(Moseley, 1913), modeled (Bohr, 1913), and internally 
analyzed (Russell, Fajans, Soddy, 1913). This internal 
analysis of isotopes soon led to nuclear weighings 
(Aston, 1919) and transmutations (Rutherford, 1919). 
Within a decade of Mach’s death, the powerful, new, 
statistically precise “‘behavior pattern” treatment of 
matter waves and quantum mechanics was introduced. 
Then it became possible to put the entire Periodic Law 
(or System) on a fundamental physico-mathematical 
basis. A simplified summary of this wave mechanical 
approach was given in the first part of this article (1). 
The following two sections, numbered to correspond 
with the paragraphs in the preceding paper, give addi- 
tional details of the tremendously intricate spectro- 
scopic and electronic background of the Periodic 
System. 

In writing these further details, it has been very 
difficult to determine how far to go, since most of the 
standard sources mentioned in the previous article give 
most of these and many more details in overwhelming 
doses. The discussions that follow are those which in 
the writer’s own experience have been most helpful in 
simplifying and clarifying the basically correct details 
of atomic structure. 


SECTION I. PAST ATOMIC MODELS AND THEIR DEFECTS 


A. The Complexity of Atoms 


For a long time physicists and chemists had evidence 
of various kinds indicating that atoms were not the 
simple, smooth, and indestructible spheres visualized 
by Newton and Dalton; molecules were not simple, 
perfectly elastic ‘‘billiard balls,” as visualized by Clerk 
Maxwell and others in the kinetic theory. In fact, 
atomic complexity was suspected even before atomic 
reality was confirmed by the diverse molecular, elec- 
tronic, and radioactive proofs. Henry Rowland, whose 
diffraction gratings made spectroscopy the most exact 
of all experimental sciences, observed that atomic 
spectra average about 1000 lines for each element; he 
remarked that atoms must be as complicated as grand 


pianos to cause this multitude of radiation frequencies. 
Around 1871, Stoney and others postulated that these 
emitted frequencies somehow must be related to 
harmonic vibrations within the atoms (‘‘harmonic’’ in 
this sense meaning any kind of whole number frequency 
relationship), but the basic nature of atomic harmonics 
remained a mystery until 1925. 

Balmer in 1885 discovered the first and simplest 
harmonic in the hydrogen spectrum. This-‘marked the 
beginning of modern atomic theory. Then 40 years of 
intensive searching and theorizing elapsed until the 
exceedingly subtle harmonics in complex spectra could 
be unravelled and explained by the vector model and 
wave mechanics. 


B. The Rutherford Nuclear Model 


Ernest Rutherford in 1911 (2) contributed the first 
major refinement to the classical “‘billiard-ball”’ model 
of the atom. The radioactivity discovered in 1896 by 
Becquerel had become a powerful new tool—in fact, 
the first weapon capable of penetrating the interior of 
the atom. Rutherford studied the penetration of 
alpha particles, then known to be doubly charged 
helium nuclei, t thin metal foils. By analyzing 
the scattering pa he proved that: 


(1) The interior of an atom is as barren as the heavens, easily 
penetrated by positive particles. The infinitesimal nucleus 
(10—!*-cm. diameter), which accounts for practically all of the 
weight, occupies only about a billionth of the total volume. 

(2) Alpha particles are deflected only by the large repelling 
positive charge on the nucleus, which equals the total negative 
charge of all the electrons in the neutral atom. 

(3) The outward-directed negative charge of the atom-bound 
electrons causes neutral atoms to be highly repelled at close 
distances, so that solids and liquids are practically incompressible. 
The impenetrability of atoms is due solely to this outer electro- 
negative repulsion. 







The last-mentioned feature seems strange until it is 
appreciated that very thin walls of glass remain 
vacuum-tight, yet photons of light readily pass through 
thick layers of this material and other transparent 
plastics. Thin metal foils are opaque to light and im- 
permeable to neutral molecules; yet thick layers be- 
come glasslike transparencies to other positive or 
neutral particles, such as beams of protons, deuterons, 
neutrons; or to more energetic photons, such as hard 
X-rays and gamma-rays. A genuinely impenetrable 
solid, made up of close-packed neutrons (10~!?-cm. 
cubes weighing 10-4 g. each), would be fantastically 
strange and unbearable stuff; it would weigh 10 g. 
per ce.! In familiar solids and liquids, there are no 
vacuous pores; the atom-bound electrons fill the vast 
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intervening spaces as completely as packs of soap 
bubbles can fill a jar. Close-packed atoms super- 
ficially resemble these bubble structures to the extent 
that the interior is a void protected by the highly 
flexible, rebounding surfaces. [Sir Lawrence Bragg 
recently duplicated some very interesting properties of 
metals with ‘“‘rafts’’ of uniform-sized bubbles (3).] 
The Rutherford model was precise in its location, 


relative size, and charge of the atomic nucleus. How- - 


ever, it explained nothing about the interior structure of 
the nucleus, nor the disposition of the surrounding 
electrons which determine all chemical behavior. 


C. The Lewis-Langmuir Model 


While physicists were beginning to construct atomic 
models from their spectroscopic and electronic inter- 
ests, chemists for a long time had been. making struc- 
tural hypotheses based on their growing knowledge of 
valence, stereochemistry, and the Periodic System. As 
the theories began to develop in the two fields, it be- 
came more and more evident that the independent 
views could not be reconciled. The physical models re- 
quired dynamic electrons and the chemical models re- 
quired localized or seemingly static electrons. The two 
apparently contradictory views finally were reconciled 
to some extent by the wave-mechanical interpretations 
of enormously rapid vibrations which produced stand- 
ing wave patterns. But first a review of the chemist’s 
evidence is in order. 

Valence theories Concerning the nature of atomic 
bindings gave the most comprehensive clues. Berze- 
lius’ dualistic theory of oppositely charged atoms was 
revived with new meaning in the introduction of polar 
or electrostatic valences (O. Johnson, 1880; Abegg and 
Bodlander, 1899, 1904). Prior to this time no men- 
tion had been made of negative valences, since the 
organic notion of valence was that of a connecting bond 
or link. Now the evident extreme range of negative to 
positive valences drew attention to the ‘‘rule of eight,” 
and G. N. Lewis (4) acknowledged that he designed his 
cubical atom in 1902 to account for this striking valence 
rule. His famous static octet model of the atom was 
published in 1916,. just one month after Kossel de- 
scribed a similar octet stabilization of ions and inert gases 
with a primitive dynamic Bohr model. However, 
Lewis himself made it plain in 1923 in his monograph 
on valence that he regarded the “‘rule of two,” relating 
to electron pairs, to be far more fundamental than the 
“rule of eight” relating to electron shells. Luder gives 
an excellent discussion of these valence rules in his 
recent article on atomic orbitals (5). 

Langmuir popularized the static octet model a few 
years later (6) with his suggestive speculations showing 
the spherical distribution of the electrons in concentric 
atomic shells. His pictures bear a striking resemblance 
to some of the modern wave patterns, but there is a 
very important difference: in his interpretation each 
electron is localized in a single spherical region, whereas 
in the wave patterns a single electron occupies at one 
time or other a// of the regions in the pattern. 
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The stereochemical evidence strongly favored sym- 
metrical distributions of electron domains, rather than 
the planar ellipses suggested by the primitive Bohr- 
Kossel models. Almost since the concept of valence 
bonds was established (Loschmidt, 1861; Hofmann, 
1865; Kekulé, 1867), chemists postulated that the 
atoms had fixed and directed binding forces. This 
notion became established with the discovery of geo- 
metrical isomerism (Pasteur, 1860; Wislicenus, 1873), 
and the development of stereochemistry (Le Bel and 
van’t Hoff, 1874). Baeyer’s “‘strain’”’ theory (1885) was 
concerned wholly with bond angles, although for more 
than 50 years chemists and printers continued to write 
grossly distorted benzene rings and uric acid deriva- 
tives. The concept of tautomerism (Laar, 1885; 
Lowry, 1899) emphasized by contrast that only the 
protons were mobile, relative to the fixed positions of 
other atoms in the molecules. Finally, Alfred Werner’s 
coordination isomerism (1911) proved that this phe- 
nomenon applied not only to other atoms besides car- 
bon, but also to octahedral (6-fold) symmetry as well as 
tetrahedral symmetry. Thus, as Luder has shown (5), 
the ‘‘rule of eight’’ (electrons) is no more important 
than the ‘‘rule of twelve.” 

The chemists favored the Lewis-Langmuir static 
model instead of the Bohr-Kossel dynamic model 
mainly because its symmetrical and effectively static 
distribution of electrons seemed to be more com- 
patible with this vast amount of stereochemical evi- 
dence. 

The Periodic System gave a powerful impetus to 
further searches to account for the amazing harmonic 
relations among the elements. When Moseley in 1913 
(7) established the atomic numbers from X-ray fre- 
quencies, and with them the fact that there were 
exactly 14 rare earths, Rydberg (8) immediately 
published a shrewd observation. He had spent almost 
a lifetime searching for spectroscopic harmonics, and 
he noted that the atomic numbers, Z, revealed the 
following sequence for the inert gases which define the 
pattern of the Periodic System: 


Z = 2(1 + 2? + 2? + 32 4+ 37+ 42+ ...) 


That is, the numbers 2, 10, 18, 36, 94, and 86 not only 
identified the inert gases helium, neon, argon, krypton, 
xenon, and radon; but by their differences established 
the fact that the periods of elements contain 2, 8, 18, or 
32 elements. The next task was to determine how the 
layers of electrons revealed by these periods were sub- 
divided. In 1922 Bohr incorrectly hypothesized sub- 
divisions of 4,4; 6,6,6; and 8,8,8,8. However, the old 
metallurgical “long form’’ of the Periodic Table, with 
its middle area of 10 transition groups, suggested re- 
lated major divisions of 2,10,6; 2,14,10,6—hence 2,6 
for the row of 8. X-ray evidence supported these de- 
marcations. The correct subdivisions of 2, 2,4; 2, 2,4, 
4,6; and 2, 2,4, 4,6, 6,8 were pointed out in 1924 inde- 
pendently by Stoner and Main Smith (9), but still there 
was no convincing reason for all this ‘‘number magic.” 
The physico-mathematical reasons did not become evi- 
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dent until the wave-mechanical treatment was de- 
veloped a few years later. 


D.. The Bohr-Sommerfeld Model: Introduction of 


Quantum Numbers 


Niels Bohr in 1913 made one of the greatest generali- 
zations in all science when he proposed a dynamic 
mechanical model for the hydrogen atom (10). His 
atomic theory is a triumph of modern thought not only 
because it accounted for all of the 40-some wave 
lengths of this simplest atom to an astonishing degree 
of accuracy, but because it introduced a fundamental 
new relation of matter to energy, and at the same time 
correlated four of the most basic constants of nature. 
Each of these constants is so important that Nobel 
Prizes were awarded to the measurers of them: Michel- 
son, for the velocity of light, c; J. J. Thomson for the 
electronic mass, m (indirectly); Millikan for the elec- 
tronic charge; and Max Planck for the unit of action, 
h. (See Section IT.) 

Bohr’s basic postulate concerned the ‘energy level’’ 
as an explanation for the origin of emission and ab- 
sorption line spectra. “It constitutes the first necessary 
postulate in modern spectrum analysis and some day 
may be given the status of a major law. It may be ex- 
plained in general terms as follows: An atom will ab- 
sorb energy of any kind (kinetic, electrical, or radiant) 
internally, but only if its electron configuration can be 
raised by this amount of energy to some new configura- 
tion with a higher level of energy (these values being 
analogous to gravitational water levels). When this 
happens, the energy internally absorbed corresponds 
precisely to the level difference, the excess, if any, 
usually being converted into kinetic energy. Almost 
instantly (in a few microseconds) the activated atom 
will revert to a more stable lower level, the lowest if 
possible, this time emitting a photon of radiant energy 
corresponding exactly to the energy difference between 
the two configurations. Thus every spectrum line reveals 
an energy difference between two electron configurations 
or energy levels. This “‘photo-atomic’”’ relation holds for 
ions and molecules as well as atoms, and may be 
generalized along with black-body radiation. 

In order to convert wave lengths (A) to energy 
values, the two universal constants c and h are used in 
the relation established by Planck’s Quantum Theory 
(1900) : 
he 
x 
where » is frequency 


photon energy e¢ = = hy 


It is the modern practice to deal with reciprocal wave 
lengths or wave numbers instead of energies, since the 
two are directly proportional and the wave number is 
more convenient. 

The first or principal quantum number n was intro- 
duced by Bohr to account for the restricted nature of 
these energy levels. In the preceding year (1912) 
Nicholson published his discovery that the atom’s 
angular momentum must be an integral multiple of 
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h/2m in order to account for the observed spectrum 
lines, and this. ‘unit’? was given a crossed-h symbol. 
Bohr followed Planck and Hamilton in giving funda- 
mental and universal significance to the physical con- 
cept of action. For any circular motion the angular 
action is the cyclic product of momentum p and path 
(2r), hence 2mmur. The linear action of a pendulum is 
evaluated graphically as the “phase” area (4PmarSmaz) 
of the ellipse obtained by plotting the changing momen- 
tum versus displacement s. According to Bohr, this 
measure called action, like mass and electricity, is com- 
posed of ultimate indivisible units; the pendulum’s 
“phase areas’? must be unit multiples of Planck’s con- 
stant h, just as its total mass must be some unit multi- 
ple of atoms, or its static charge some unit multiple of 
electronic charges. As in the case of atoms and charges, 
this unit is so inconceivably tiny (in cgs units com- 
parable in magnitude to the mass of an electron) that it 
will never bother any pendulum. The whirling elec- 
tron, however, is restricted to those paths having a 
total action which is an integral multiple ” of the unit 
action h; that is, 


2rmur = nh (1) 


where n is the principal quantum number. This number 
defined the supposedly one and only degree of freedom 
in circular orbits, and for hydrogen it still determines 
the average size of the orbit, the electron’s velocity, mo- 
mentum, and correspondingenergy. Theserelated quan- 
tities are derived below and shown in Figure 1. A simp- 
lified derivation of the Bohr atom was given by Guss 
(11), but he eliminated the velocity term instead of using 
it for further simplification. 

Bohr recognized an elementary dynamic require- 
ment that the electrostatic force fg binding the electron 
to the nucleus must equal the centrifugal force fe due 
to its whirling motion. Millikan had just determined 
the charge and (from Thomson’s ratio) mass, m, of the 
electron, so with these constants Bohr was able to evalu- 
ate some important relations: 


2 2 
Gafe=fo-™ (2) 


Thus mu?r = Q?/e where the dielectric dimension of 
permittivity (€) is a necessary part of the electric charge 
(Q) relations. From the action postulate [equation 
(1)] Bohr accounted for Nicholson’s discovery, mur = 
nh/2x, and by dividing this into mu*r from equation 
(2) he showed that the electron’s permitted velocities u 
are those which are equal to 27Q?/enh. Sommerfeld 
later simplified and gave further significance to this 
strange-looking velocity (see below). Now from the 
relations in equation (2), Q?/er = mu?, and mu? is 
twice the kinetic energy ex. The total energy e for any 
state is the sum of the kinetic and the potential; but 
by definition ep is —Q?/er, so from equation (1) this is 
seen to equal —2e,. Hence e = —e,x; that is, the 
energy levels will have negative values relative to zero 
ationization. (Unrestricted positive values account for 
the continuous black-body radiation.) 
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F1GURE 1.—CORRELATION OF ORBITAL PROPERTIES IN THE HYDROGEN ATOM 
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The hydrogen spectrum lines and series thus are 
accounted for as differences between various energy 
levels: 


he skis costa ein ome 4 se ae 
eal 41 = @K1 ex: = 1/2 mug (4 =) 
27rQ? 

ch 





where 2% is 


For the Lyman series, ; is 1 and mz is 2, 3, or 4. 

For the Balmer series 7; is 2 and mis 8, 4, 5,6, .... to 37. 
For the Paschen series 7; is 3 and mz is 4, 5, 6, 7, 8. 

For the Brackett series m, is 4 and mz is 5, 6. 


When the energies are divided by hc, the corresponding 
spectrum term values are obtained, which give the wave 
numbers (in cm.~') directly: 
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Thus Bohr gave a basic meaning to Rydberg’s universal 
spectroscopic constant discovered empirically in 1890. 
This constant is known to a greater degree of accuracy 
than any other natural measurement, a recent value 
being reported as 109,737.303 + 0.017 cm.—! (1941). 

Arnold Sommerfeld in 1915 refined the Bohr hydro- 
gen model for relativity corrections and (independently 
with W. Wilson) elliptical orbit possibilities (12). With 
these he introduced a new fundamental relation in his 
fine structure constant a = 1/1387 = 21Q?/ehc. Thisisa 
pure numeric, and the best recent values support 
Eddington’s ‘137 Theory,” that it is the reciprocal of a 
whole number having further significance in the theory 
of relativity and in determining the proton-electron 
mass ratio (later discussed in Section III). Thus 
Bohr’s velocities are ¢/137n, and Rydberg’s constant 
(in cm.~!) corresponds to the kinetic energy of an elec- 
tron with ‘the maximum velocity ¢/137, so that R is 
a?mc/2h. 

Singly ionized helium gives a hydrogen-like spectrum 
with a fourfold increase in all energy values. This and 
similar multiply-ionized spectra with only one electron 
like hydrogen could be accounted for by Bohr’s equa- 
tions; the appropriate nuclear charge of ZQ replaces 
Q, where Z is the atomic number, and therefore Z?R re- 
places R. 

Rutherford’s work on nuclear scatterings had proved 
that the atoms of all elements had the same general 
structure of electrons surrounding a nucleus. Moseley’s 
analysis of X-ray spectra had revealed that all atoms 
regardless of kind had the same groups of electron 
layers or shells. Now Bohr’s derivation could show that 
even the intricate and precise spectrum patterns had a 
continued identity from one element to the next. 

These relations mentioned above do not include 
necessary corrections for relativity and the slight mo- 
tions of the nucleus around the center of gravity. The 
latter effects reduce the universal Rydberg constant for 
any element by the amount (1 + m/M) where M 
is the mass of the nucleus. Thus the maximum cor- 
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rection factor is 1.00054 for hydrogen. A curious 
dilemma of the relativity refinements is that they ‘‘over- 
corrected,” so that the relativistic Bohr model still was 
inadequate, either to explain fine details of the hydrogen 
lines shown by the interferometer, or for extension to 
other one-electron systems. And the corrections were 
only beginning to appear. 


The lesser quantum number, now designated by the 
letter /, was introduced by Sommerfeld and Wilson to 
account for a similarly restricted second degree of 
freedom, in the form of elliptical as well as circular 
orbits. This refinement was needed to explain the 
unusually low (extra stable) energy levels in the alkali- 
metal spectra. Evidently the outer electron penetrated 
the inner core of electrons and thereby experienced a 
more powerful binding by the high nuclear charge (like 
a water sink below sea level). Only elliptical orbits 
would permit such a path, and such orbits have cor- 
respondingly less angular momentum, being zero for a 
pendulum-like linear oscillation.* Thus the lesser 
quantum number describes the orbital momentum or 
the shape of the orbit. This is not the electron’s 
domain; due to the electron’s tremendous velocity 
(c/137n), its mass experiences a relativity variation 
which causes the virtual ellipse to precess rapidly in its 
orbital plane (at a rate of 6.6 X 10%/n® loops per 
second!). As a result of this ‘‘rosette’’ motion, the 
path is a planar domain limited only by circles of 
minimum and maximum distance from the nucleus or ° 
focus. Nor does this completely describe the motion, 
as will be evident from Figure 2. 


A third or magnetic quantum number, m, was found 
necessary to account for the way in which spectrum 
lines, hence energy levels, are split when the emitting 
atoms are in a strong magnetic field. Evidently the 
orbital plane is tilted with respect to the magnetic or 
atomic axis, and experiences a gyroscopic ‘‘Larmor pre- 
cession” with a velocity proportional to the imposed 
field. Again only certain (integer) values are per- 
mitted for the axial projection of the orbital momen- 
tum, so this measure describes the restricted ti/t of the 
orbit with respect to the maguetic field. 


Bohr’s Correspondence Principle became important 
for its success in partially accounting for a new kind of 
restriction in electron transitions or observed spectrum 
lines (energy differences). First, this principle pointed 
out that electron transitions involving very large initial 
(m2) and final (7;) orbits emit a radiant frequency which 
is the (vz — m,) harmonic of the electron’s orbital fre- 
quency. This is in accordance with Maxwell’s classical 
electromagnetic theory and shows asymptotic agree- 
ment or correspondence between the two otherwise 
contradicting theories. (It is easy to show from the 
previous definitions that the ratio of the emitted 
radiant frequency to that of the averaged orbital fre- 





* It should be recalled that the pendulum motion may vary 
anywhere from its usual planar path (zero angular action) to a 
conical or circular path (maximum angular action). The former 
case is analogous to] = 0. 
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FiGuRE 2..~-THE CoMPLEXITY OF 
THE ORBITAL MODEL 


The whirling electron gener- 
ates a virtual ellipse (A). Its 
relativity precession generates a 
circular orbital plane (B). The 
spin motion causes this plane to 
gyrate about the axis of the re- 
sultant moment (C-C). The re- 
sultant axis in turn precesses 
about the magnetic axis (D-D), 
causing a complete blurring of 
the original ellipse. 
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FicuRE 3.—SIMPLE DyNAMIC APPARATUS FOR DEMONSTRATING 
THE ORBITAL MODEL 
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quency is as follows: 


(nz — nj). ning 
nin2 .(ng + n?) 
Now if m2 is set equal to bm, this ratio can be simplified 
and factored to: 
b? + b 
Bd) (mz — ny). 
Thus reasonable correspondence exists only when 
b = ne/n; is close to unity, regardless of the values of 7.) 
Elsewhere it was observed in many simple spectra that 
electron transitions occur only when the /-values of the 
spectrum terms (energy levels) changed by a unit 
amount. Bohr’s correspondence principle accounts for 
this ‘‘selection rule’ by requiring another correspond- 
ence with classical theory, namely, that the angular 
momentum must change by a unit amount. 

In spite of this important asymptotic correspondence, 
and in spite of the elliptical and tilting modifications, a 
fourth degree of freedom (the spin) remained to be dis- 
covered. Even with this complication, the selection 
rules and energy level predictions broke down com- 
pletely when applied to multiple-electron spectra. 
Thus by 1923 it was freely admitted that the Bohr- 
Sommerfeld model was inadequate even for one- 
electron spectra, and was hopelessly inadequate to ex- 
plain systems of atoms having two or more changing 
electrons. The fact of magnetism itself raised new 
mysteries. It was around this time that physicists be- 
gan to doubt the perfection of the mechanistic founda- 
tions in science. Fowler’s reports of 1922 and 1929 (13) 
on successfully analyzed spectra indicate the meagre 
fraction of the thousands of catalogd wave lengths that 
could be accounted for, even at those late dates. 
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Further achievements owed much of their success to 
the new attitudes and methods introduced by the 
vector model, wave mechanics, and Heisenberg’s 
matrix mechanics—which allowed no hypotheses about 
causes but dealt only with the results. Some credit 
for the accelerated interest in spectroscopic studies 
after 1929 must be given to Russell, Shenstone, and 
Turner (14) for their successful standardization of 
many confusing systems of spectral notations. This 
achievement for atomic studies is comparable with the 
work of Lavoisier’s committee (1787) in standardizing 
chemical nomenclature. 


E. The Hund-Landé Vector Model 


Around 1925 the emphasis shifted gradually from the 
electron’s, intricately complicated paths to the some- 
what simpler moment-of-momentum vectors projected 
along the various axes of motion. These angular 
momentum vectors are pointed perpendicular to the 
plane of the path, along the axis of motion, and directed 
by the “right-hand rule,” 7. e., the direction taken on 
turning a right-handed nut or screw (Figure 2). In the 
atomic vectors, when two differently directed vectors 
are coupled or added, they precess about the resultant 
vector, thus greatly complicating the motions. This 
vector abstraction of an atom, initiated by Landé 
(15) in 1923, perfected by the spin moment discovered 
in 1925, and popularized by Hund (16) in 1927, proved 
to be highly successful in interpreting the enormous 
complexity of multiple-electron spectra. 

The fourth or spin quantum number, s, was the key 
to the vector model’s success. In 1925 several in- 
vestigators (17, 18) independently discovered that the 


/ electron itself is an intrinsic magnet, its magnetic field 


being due to an apparent spin on its own axis. This new 
variable, confirmed by the Stern-Gerlach experiments 
(1921-27), accounted for the fourth degree of freedom 
which was necessary to explain the fine structure of 
spectrum lines and levels. With this variable it became 
evident that the spin motion of each electron might 
strengthen (+) or weaken (—) the orbital energies to a 
very small extent. For just one electron, these two ex- 
clusive alternates accounted for the ‘“‘doublet”’ nature 
of one-electron spectra; with two electrons, the two 
combinations (++ or + —) accounted for the ‘‘triplet”’ 
and “singlet” systems; with four, (++++,+++-, 
or ++ —-—), the “quintet,” ‘‘triplet,’’ and ‘‘singlet” 
systems of levels; and so on for the periodically regular 
multiplet nature in general (up to ‘‘octuplets’” for 
manganese) discovered by Catalan (19). 

Pauli’s exclusion principle (20), that no two electrons 
in an atom could be identical, was based on this spin 
number. It was stated in the form that each electron 
must have a uniquely different set of four quantum 
numbers (n, /, m, s). This principle made possible a 
complete prediction of the plan of the Periodic System 
from a simple mathematical tabulation alone, but the 
prediction did not become very impressive until a more 
obvious meaning could be given the quantum numbers, 
as in terms of the wave-mechanical nodes. [See 
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Sections IV to VI, as summarized in the preceding 
article (1).] 

The spin motion did not clarify the mechanical Bohr 
model; rather it made it more vague. The spin coupled 
with and further complicated the already precessing 
and gyrating orbital motions. Figure 2 illustrates the 
complexity and visualizing difficulty of the mechanistic 
interpretations. The virtual ellipse, defined in size by 
n, and in shape by /, precesses about one focus at the 
nucleus. This establishes the circular domain and the 
orbital vector (1*) directed along the axis of this first 
precession. The spin vector (s*) couples with this 
(1*) vector and causes it to precess about the resultant 
vector (j*), thus giving the orbital plane its blurred 
gyrating motion. Finally, the resultant (j*) vector 
precesses about the magnetic axis, causing a complete 
obscuring of the initial ellipse. Figure 3 shows how 
a simple yet convincing apparatus can be made with 
celluloid or cardboard, a soda straw, and a coat-hanger 
wire to demonstrate this triply complex motion. A 
single operating model such as this is worth dozens of 
pictures and diagrams. Figure 4 shows the permitted 
axial orientations for the four types of electrons 
(1 = 0, 1, 2, 3) involved in atom-building. 

No time exposure is-necessary to show the blurred 
motion of this single electron, making around 10% 
loops per second in its intricately synchronized spin- 
ning, precessing,.and gyrating elliptical motions. 
While it is natural to compare the electron with the 
earth in its motions, it seems completely incongruous to 
suggest any further similarity between an elusively tiny 
unit and a vast planetary aggregate that is 10?! times 
heavier and has an orbital frequency 10~-%? times as 
great. 

A fundamental dilemma is suggested by this complex 
motion: there is no easy way of telling how the various 
precessions and cycles are synchronized. In this re- 
spect the mechanical model is even less definite than 
the wave patterns, for in the latter it is possible at least 
to indicate a number of interior regions—nodal spheres, 
cones, or planes—where the electron is least likely to be 
found. Obviously, the motions of all the electrons 
within an atom must be intricately blended. More 
than that, the separate mechanical and magnetic 
moments, when vectorally combined, must give re- 
sultants that are “‘quantized” or restricted to whole 
number relations in the same way as the initially 
separate spin and orbital values. The numerical values 
of these vectors are not mentioned here because they 
have been modified by the more exact wave-mechanical 
calculations; details about these values will be given 
later in the spectroscopic discussions under Section IX. 
It is hardly necessary to explain further why multiple- 
electron dynamics and spectra are exceedingly difficult 
to analyze and understand. Even then, this vector 
model does not explain, except through magnetism, the 
mechanical couplings between separate particles (action 
at a distance), nor the peculiar quantum restrictions, 
nor the electron transition or selection rules and the 
intensities of the resulting lines. Simpler meanings, 
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more plausible explanations, and more powerful mathe- 
matics all were needed. In these respects, wave 
mechanics had much to offer. 


SECTION II. THE EVIDENCE FOR WAVE MECHANICS 


The quantum-mechanical notions of the particle 
nature of energy, the wave nature of matter, and the 
“atomic” nature of their interaction, all are so alien to 
ordinary reason and intuition alike that it is necessary 
to begin with the unanswerable evidence which brought 
about this revolution in science. The experimental 
proofs for this strange new belief in matter-energy uni- 
fication included a series of 15 findings so momentous 
that each discoverer won a Nobel prize. These 15 
achievements constitute an introduction to modern 
atomic physics (21, 22) and deserve brief introductory 
mention: 

(1) Albert Michelson in 1881 started his inquiry 
which later led to the theory of relativity and became 
world-famous as the Michelson-Morley experiment 
(1887). The exhaustively confirmed results disproved 
the existence of any medium for the propagation of 
radiant energy and thereby banished the ‘‘luminiferous 
aether.” Yet some medium was essential if light were 
nothing but transverse wave vibrations. James Clerk 
Maxwell’s electric and magnetic field vectors were 
enormously successful in unifying electricity, mag- 
netism, and optics; but there was no relation between 
“field” and matter. 

(2) Max Planck, in 1900, alone could explain the 
distribution of energy in black-body radiation. His 
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FIGURE 4.—PERMITTED ORIENTATIONS OF THE ORBITAL, SPIN, 
AND RESULTANT VECTORS (OR AXES OF MoTION) 


The two vectors precess about the resultant, forming a shaded 
resultant cone which in turn precesses about the vertical axis. 
For the sake of clarity, alternate'm; values have been omitted. 
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quantum theory (23) encouraged belief in the only 
alternative to Michelson’s refutation: that energy 
waves were emitted and absorbed ‘‘as though” they 
were particles. The unit of exchange originally was 
called a quantum (L., a quantity), but now it is 
known as a photon of light. The ratio of a photon’s 
energy, é, to its frequency, v, gave a new universal con- 
stant, Planck’s unit of action, h: 


=h 


Tin 


or 


ak 
x 


where ¢ is the velocity of light and A is the photon’s 
wave length. 

(3) Albert Einstein, with revealing genius, ex- 
tended this radical viewpoint in three directions within 
a few years. In 1905 his relativity theory (24) showed 
an equivalence between matter and energy through the 
limiting velocity of light: mc? = e. The laws which 
apply to one should apply equally well to the other. 
His explanation of the photoelectric effect in the same 
year was equally startling: light and other radiant 
energy was composed of particles—photons, he named 
them. Thus Newton’s corpuscular theory was revived 
by the same man whose Relativity upset Newton’s 
Principia. In 1907 Einstein’s specific heat theory 
showed that the thermal vibrations of metallic atoms 
were “‘quantized”’ or restricted to certain energy values, 
again with reference to Planck’s constant, h. ° 

(4) Niels Bohr, in 1913, established a fundamental 
matter-energy relation in his ‘‘energy level’’ postulate, 
which was a generalization of Einstein’s photoelectric 
equation. Bohr also gave further significance to 
Hamilton’s concept of action in showing that the 
atom’s orbital action must be an integral multiple of 
Planck’s constant. Sommerfeld generalized this princi- 
ple of quantization with “‘phase areas” and emphasized 
a fundamental relation between the electronic charge, 
Planck’s constant, and the velocity of light. (See pre- 
ceding section for further details.) 

(5) James Franck and Gustav Hertz in the same 
year established brilliant experimerital evidence for 
Bohr’s ‘‘energy level’ postulate with their resonance 
potential measurements on modified radio tubes. By 
measuring the kinetic energy (as voltage) of electron 
beams before and after collisions with gaseous atoms, 
they proved that the collisions are perfectly elastic until 
the energy is sufficient to activate the atoms. Then 
they obtained stepwise excitation voltages or resonance 
potentials (ending in the ionization potential, I. P.) 
which confirmed the energy levels deduced from spec- 
troscopic analysis. 

(6) Otto Stern in 1921 began a series of magnetic 
experiments with W. Gerlach which gave direct evi- 
dence for the space-quantization of atoms and for the 
electron’s intrinsic spin or magnetic moment, dis- 
covered in 1925. By passing a beam of silver atoms 


JOURNAL OF CHEMICAL EDUCATION 


through a distorted magnetic field, they split the beam 
into two equally displaced traces. This proved that 
the single valence electron in these atoms had two 
alternate orientations, and since it had no orbital 
moment in its lowest state, this corresponded to a plus 
or minus spin. Quantitative measurements later con- 
firmed the ‘‘degenerate” half-unit value of this spin 
moment. 

(7) Einstein in 1922 established the principle of 
photochemical equivalence that each photo-activated 
or photo-decomposed molecule requires one photon of 
energy. (Selig Hecht at Columbia in 1940 applied this 
relation in demonstrating the phenomenal delicacy of 
the human eye by showing that it can detect a 1/100- 
second flash of light if only eight or nine retinal mole- 
cules are struck by photons!) 

(8) Arthur Compton in 1923 discovered that X-ray 
photons behaved very much like mechanical particles 
in actually colliding with electrons, causing them to re- 
bound (25). The wave length of the scattered X-rays 
showed that they had lost in radiant energy the exact 
amount that the electrons had gained in kinetic energy. 
This also was direct evidence for the momentum and 
pressure of radiation. 

(9) Louis de Broglie showed in his doctorate thesis 
of 1923 that the wave-particle similarity between matter 
and energy would be complete, and the corresponding 
major classical principles (least action, least time, etc.) 
would be unified, if matter waves were postulated (26). 
Planck’s unit action again appeared as the product of a 
particle’s matter wave length, \m and its momentum. 
Einstein’s c? was the product of the particle velocity u 
and its wave velocity w: 


ee ee _ hw 
ty oe 6 me = ms = 
(Planck) (Einstein) (de Broglie) 
Thus 
mu 


Photons have a particle or ‘‘packet”’ velocity equal to 
their wave velocity, while other matter waves race 
ahead faster than light. 

(10) Erwin Schrédinger in 1926 inserted this new 
measure of wave length in the classical differential 
equation for wave motion. . Then he developed char- 
acteristic equations containing the complex imaginary 
(/—1). Automatically and quite naturally he ob- 
tained all the electron energy restrictions in the Bohr 
Theory. This was indeed a major triumph. The 
various solutions to this now famous Schrédinger 
equation give the intensity wave patterns illustrated in 
Part I of this article (1), which also contains the major 
references. 

(11) P. A.M. Dirac in 1927 eaplaced Schrédinger’s 
simple equation by a set of four which accounted for the 
electron’s spin effects and satisfied relativistic sym- 
metry requirements (27). The most significant change 
was that the electron’s behavior patterns now had a 
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finite, nearly zero intensity in the nodal regions, per- 
mitting the electron to flash through them, instead of 
an absolute zero which would be a forbidding barrier. 
His electron theory also predicted the positron particles 
that were not discovered until 1932. 


(12) C. J. Davisson, working with Germer in the 
Bell Laboratories, proved the existence of de Broglie’s 
matter waves in some experiments that began as a 
“fortunate accident” in 1925. They showed that a 
beam of electrons is scattered selectively by a nickel 
crystal, just as X-rays are. Soon other techniques were 
devised, demonstrating the wave nature of atoms 
(beams of H, He, Cd, Hg) as well as electrons (28). 
Within two years Wierl initiated the electron diffrac- 
tion technique; in two more years (1932) Knoll and 
Ruska built the first electron microscope, forerunner of 
Zworykin’s commercial RCA model of 1941. Thus the 
theoretical notions materialized into what is now man’s 
greatest direct vision tool. 


(13) W. Heisenberg in 1927 gave an unusual in- 
dependent confirmation of these wave theories in his 
matrix mechanics, which was concerned wholly with ex- 
perimental knowledge or ‘“‘pointer readings,” allowing 
no hypotheses of any kind. This new ‘experimental 
mathematics” also indicated that there is a funda- 
mental limit to certainty in all conjugate measurements, 
such as position and momentum. Once again Planck’s 
constant appeared in this Uncertainty or Indeterminancy 
Principle (29), as the minimum product of the two un- 
certainties (e. g., error in position times error in momen- 
tum). This means that a very small object cannot be 
located without violently disturbing its momentum or 
position; absolute points and absolute instants of time 
physically cannot be observed because the necessary 
signals would involve photons of infinite energy or 
frequency (zero wave length or period). With de- 
creasing size, matter again merges from discrete parti- 
cles to infinitely continuous ‘‘wavicles.” 


(14) C. V. Raman in 1928 demonstrated an antici- 
pated interaction between light and molecules (30), 
analogous to the Compton effect (X-rays and electrons) 
and the photoelectric effect (light and atoms). This 
Raman effect is concerned with the faint infrared radia- 
tions that are scattered as a result of the interaction be- 
tween visible or ultraviolet light and molecules (rotating 
and vibrating oscillators). 


(15) C. D. Anderson in 1932 discovered the posi- 
trons predicted by Dirac (31). The tremendous ad- 
vances in nuclear physics initiated at this time by the 
work of James Chadwick, Irene Curie and Frederick 
Joliot, and E. O. Lawrence (all Nobel recipients) indi- 
cated that wave-particle interaction was very common 
in the gamma-ray region of the radiation spectrum. 
Here a high-energy photon may be converted com- 
pletely into a pair of material particles—positron and 
electron—with equal and opposite momenta. The short- 
lived positrons are ‘‘annihilated’’ or transmuted to 
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energy by the reverse process, thus completely confirm- 
ing Einstein’s equation of 1905. 

The cumulative evidence from all these independent 
studies is overwhelming. We must start to think freely 
about waves of matter and particles of light if we in- 


tend to interpret nature honestly. The ultimate 
reality of matter was recognized by the ancient philoso- 
phers; energy was recognized as an equally fundamental 
reality barely a hundred years ago, and now we must 
adjust our notions to this strange new connecting 
reality of action. 
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HIGH-SCHOOL CHEMISTRY «~~; 
Dyes and Dyeing for Beginners 


CHARLES H. STONE 


Vermont Junior College, Montpelier, Vermont 


OR the pupil who shows somewhat more than the 
usual interest in chemistry the teacher may pro- 
vide projects of different character according to the 
pupil’s inclinations. Experiments with textiles may 
well prove-of interest, for the results are always colorful. 
Fibers are classified in most textbooks, and tests for 
identification of wool and cotton are given, such as: 
solubility of wool in hot 5 per cent sodium hydroxide 
solution, and the familiar reaction of cotton to sulfuric 
acid. The separation of wool from cotton may be ac- 
complished as a project, taking advantage of the effect 
of sulfuric acid. When the goods are dry the cotton 
may be dusted out, leaving an inferior grade of wool 
known as “‘shoddy.” 

Textile dyes may be classified as acid, basic, sub- 
stantive, vat colors, and various others. The equations 
for the preparation of many dyes are quite complicated, 
and no attempt should be made to teach such equations 
to beginners. Nevertheless, any student of average 
ability and with good interest in the subject can pre- 
pare a number of dyes and apply them to the goods for 
which the dye is suited. 

Orange II. This dye is prepared by dissolving 5 g. 
sulfanilic acid in a minimum amount of sodium carbon- 
ate solution of moderate strength, adding 2 g. sodium 
nitrite dissolved in a little water, and barely acidifying 
with dilute hydrochloric acid. (Solution A) This 
solution must be kept cold, at least below room tem- 
perature. A few bits of ice added to the solution will 
insure the proper temperature. Dissolve 4 g. beta 
naphthol (commonly called BN) in as little dilute 
sodium hydroxide as possible. (Solution B) Pour solu- 
tion A slowly with stirring into solution B; stir well, 
and let stand overnight. A thick mass of dyestuff 
should form. Transfer the product to a filter and let 
drain, using gentle suction if it is available. Finally 
the dry dye is powdered and sifted through cheesecloth. 
In applying a dye to any textile always observe the rule 
to wet the goods thoroughly in water, otherwise the 
color does not apply evenly. 

To apply Orange II to a skein of wool, make a bath 
of 100 cc. water and enough of the dye to give a good 
color. Add a few drops of dilute acetic acid to brighten 
the color. Now immerse the wet-out skein of white 
wool yarn, making sure that all parts of the skein are 
under the surface of the dye liquid, and bring to a boil, 
frequently moving the skein about in the bath and turn- 
ing it over to get an even color. Finally remove the 


skein, using a glass rod bent at one end like the letter J, 
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rinse under the faucet, squeeze as dry as possible, and 
finish drying between sheets of-blotting, and finally 
filter, paper. 

Fast Red is another easily prepared dye for wool. 
Dissolve 5 g. sodium naphthionate in 25 cc. water, add 
2 g. sodium nitrite dissolved in a little water, stir, and 
acidify slightly with dilute hydrochloric acid. Pour this 
cold solution, with stirring, into a solution of BN 
(4 g. dissolved in a minimum amount of sodium hy- 
droxide solution); stir and let stand overnight. Then 
proceed as above for Orange II. 

To apply the dye, make a bath of 100 cc. water and 
enough Fast Red to give a good color. It is surprising 
how little of the dye is required in any case to give the 
desired result. Do not make the mistake of using too 
much of the solid dyestuff. A fine red on wool results 
when the skein is boiled in the bath. In any case the 
finished dry skein may be mounted on a colored card 
with samples of materials used contained in small test 
tubes, and the story of the experiment written out in 
detail. Such a project can hardly fail to interest the 
pupil. 

Bismark Brown is easily prepared. Dissolve 5 g. 
metaphenylenediamine in 25 to 50 cc. water, stir in 3 g. 
sodium nitrite until dissolved, and then acidify with 
dilute hydrochloric acid. The dye forms as a brown 
powder which should be filtered: off, drained, dried, and 
saved. It may be applied to wool in the same manner 
as the preceding dyes. 

The process of adding sodium nitrite and acid to the 
original intermediate is called ‘“‘diazotization” from the 
French word for nitrogen which is “‘azote’’; diazotiza- 
tion is therefore the introduction of two nitrogen atoms 
with the linkage —N =N—. 

One might suppose that a substance which gave a 
colored solution would be a dye. Let us find out. 
Soak a piece of wool yarn in water and boil in a red 
solution of potassium dichromate. The wool is not 
colored. Now let us immerse the skein after squeezing 
in a solution of lead nitrate or lead acetate. Yellow 
lead chromate is precipitated on goods, but this is not 
strictly a dyeing operation; it is a simple case of the 
formation on the goods of a colored insoluble compound. 

It is also of interest to note that certain dyes which 
are ‘‘fast’”” on wool have little or no effect on cotton. 
Wet out a skein of cotton and one of wool and immerse 
them in a bath of Cyanole Fast Green and boil. The 
wool takes the color completely and the dye will not 

(Continued on page 386) 


















ith 
wn 
ind 
ner 











Josef Loschmidt (1821-1895) 





MORITZ KOHN 


New York City 
(Translated by Ralph E. Oesper, University of Cincinnati, Cincinnati, Ohio) 


HYSICISTS and chemists designate the number of 

molecules contained in one milliliter of an ideal gas, 
under standard conditions, as ‘‘Loschmidt’s Number.”’ 
The first calculation of this important constant was 
made by the Viennese physicist, Josef Loschmidt. 
He was active as a chemist also, and his relations to 
chemistry form the chief basis of this paper. 

He was born on March 15, 1821, at Putschirn, near 
Carlsbad, Bohemia, then a part of the Austrian em- 
pire. The young boy had to labor in the fields to con- 
tribute to the support of the poor peasant family. 
However, the local pastor-teacher recognized his ex- 
ceptional mental abilities and gave what help he could. 
After passing through the lower schools, Loschmidt 
entered the University of Prague and took up phi- 
losphy and natural science. Franz Exner, the professor 
of philosophy, was attracted to the intelligent youth 
who was attending his lectures. Exner’s eyes were 
weak, and he had to have a reader who could take his 
place when necessary. He gave this post to Loschmidt. 
Later Exner moved to Vienna, where, by commission 
of the educational authorities, he contributed much to 
the reorganization of the Austrian universities. 

Philosophy had no lasting attraction for Loschmidt. 
He became interested in chemistry, and in 1842 he 
transferred to Vienna, where he worked in Anton von 
Schrétter’s! laboratory at the Polytechnikum. Here 
Loschmidt became well acquainted with his fellow stu- 
dent Benedikt Margulies. Together they worked out 
a method of making potassium nitrate from the sodium 
salt. This procedure was the basis of a chemical work 
that they started at Atzgersdorf in the outskirts of 
Vienna. They secured a contract from the govern- 
ment for 6000 centners per year, at a price which 
allowed them a fair profit. However, in 1849, Austria 
went to war with Hungary. The price of potash, an 
essential ingredient in their process, rose sharply and 
they could no longer deliver their product at the 
agreed price, except at a considerable loss. The factory 
was closed in 1850. Loschmidt then became director of 
a paper mill at Peggau in Styria. Here he invented a 
method of making oxalic acid from rag wastes. He 
also added the manufacture of saltpeter and aluminum 
sulfate to the output of this factory, but the enterprise, 
none the less, made no profits. He was then engaged 
by a corporation to set up a factory for making:saltpeter 
and prussiate of potash near Briinn, but again the busi- 
ness made no money. ‘ 





.1 For an account of Schrétter’s accomplishments see Konn, 
M., TuIs JOURNAL, 21, 522 (1944). 
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Loschmidt, despite these failures, had real ability 
as a technical chemist. He knew how to work out 
chemical processes. He possessed a good knowledge 
of chemistry, which was supplemented by a thorough 
grasp of physics. Nevertheless, he found in industry 
no rewards or satisfaction commensurate with his 
abilities. The rather monotonous work of a factory 
chemist was not congenial to his active mind; further- 
more, his poor health was a decided handicap in such a 
demanding industry. Consequently, he resolved to 
return to Vienna. 

He arrived almost penniless and was sick besides. 
At first he made a scanty living by giving private les- 
sons. His love of teaching led him to qualify by ex- 
amination for a position that corresponded approxi- 
mately to the lower grades of an American high school. 
Almost at once, in 1856, he was fortunate enough to se- 
cure an appointment. He was thus relieved of his most 
pressing cares, and his material needs were satisfied, at 
least in a modest way. The writer krew an old gentle- 
man who had been Loschmidt’s pupil in this secondary 
school. He was fond of acknowledging the debt he 
owed to this remarkable teacher, who had made a last- 
ing impression on his classes, both through his person- 
ality and his interesting, effective pedagogic methods. 

Loschmidt devoted whatever free time he could 
snatch from his heavy teaching duties to scientific 
work, especially the theoretical basis of chemistry. 
In 1861 he published his ‘“‘Chemische Studien I.” 
(This will be discussed later.) The physics department 
at the University of Vienna had been founded by 
Christian Doppler (1803-1853), whose name is com- 
memorated in the well-known ‘Doppler Principle.”’ 
Josef Stefan (1835-1893) became head of this laboratory 
in 1866. Though he was 14 years ‘younger than Lo- 
schmidt, the two became close friends. They admired 
each other’s scientific abilities, and the older man was 
a welcome guest in the laboratory. The calibre of 
Loschmidt’s extracurricular scientific activities was 
soon recognized by the highest authorities. He was 
elected correspondent of the Academy of Sciences in 
1867, and full member in 1870. He habilitated as 
Privatdozent at the University in 1866, was appointed 
associate professor in 1868, and full professor in 1872. 
He never had the means or time to finish the pre- 
scribed courses, and it was a tribute to the acumen of 
the university authorities when they conferred an 
honorary doctorate of philosophy on him in 1868. 
Having reached the age limit, he retired in 1891. His 
successor was Franz Exner, the son of the philosopher 
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who had befriended him in Prague. After a long, pain- 
ful illness, Loschmidt died in Vienna on July 8, 1895. 
The Vienna Society for Chemistry and Physics was 
founded by the gifted chemist, Heinrich Hlasiwetz 
(1825-1875).? This organization became a valued ad- 
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JoseF Loscumipt (1821-1895) 


junct to both sciences. Stefan also was an active par- 
ticipant in its meetings. When he died in 1893, his 
pupil Ludwig Boltzmann (1844-1906) was called from 
Munich to succeed him in the chair of theoretical phys- 
ics.3 At the request of the members of this Chemisch- 
Physikalische Gesellschaft, Boltzmann delivered a mem- 
orial address in honor of Loschmidt on October 29, 
1895.4 He was also the principal speaker (November 
25, 1896) at the unveiling of the Loschmidt monu- 
ment at the University of Vienna. On March 15, 1921, 
the Society observed the centenary of Loschmidt’s 
birth with appropriate ceremonies. 

In 1861 Loschmidt published his ‘‘Chemische 
Studien I.”5 The author was still a nonentity, and ac- 
cordingly could hardly hope to find a publisher. How- 
ever, he loved science so much that he had the little 

2 Koun, M., THIS JOURNAL, 22, 55 (1945). 
ae Their names are linked in the Stefan-Boltzmann radiation 

‘ BOLTZMANN, L., ‘‘Populare Schriften,’’ Leipsic, 1905, pp. 


228-40. 
5 No further volumes appeared. 
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book printed privately. This was a real sacrifice be- 
cause his funds must have been very limited. Sales, 
if any, were vanishingly small, and, in all likelihood, he 
presented copies to anyone who showed any interest in 
the contents. It would have been far better if he had 


4 
| 
j 
i 





i 
j 
4 
j 
| 
j 


Gac 2 
{ ra fed ers, 


JoseF STEFAN (1835-1893) 


published his ideas in a periodical; they then would 
have received some attention. 

The first part of this book is entitled “‘Constitutional 
Formulas of Organic Chemistry in Graphic Repre- 
sentation.”’ Loschmidt differentiated elements with 
one, two, three, etc. ‘‘positions,’’ which correspond, of 
course, to the present day uni-, di-, tri-valent elements. 
The C-atoms were represented by larger circles, H- 
atoms by smaller ones. O-atoms and N-atoms were 
pictured as double and triple circles, respectively. 
Thus (I) is Loschmidt’s representation of methyl al- 
cohol. It should be noted that even then he used the 
term ‘‘Kern” (= radical). According to him the com- 
pounds of the ethyl series contain the “ethyl” radical. 
Particularly important is the fact that he postulated the 
benzene radical or nucleus which played the role of a 
sexivalent element. In this he preceded Kekulé by four 
years. His schematic representation of benzene, 
phenol, and aniline were (II), (III), and (IV), respec- 
tively. He further saw the possibility of the exist- 
ence of the hydrocarbon C;Hs with three adjoining 
methylene groups (V). His prediction was confirmed 
20 years later when A. Freund prepared trimethylene 
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(cyclopropane) by the action of metallic sodium on tri- 
methylene bromide. 

Loschmidt’s brochure is also of great significance 
with regard to the history of the development of inor- 
ganic chemistry. He was the first to represent ozone by 
Oz, a view substantiated in 1866 and 1867 by Soret’s 
masterly studies proving that the density of ozone is 
one and one-half times that of oxygen. Likewise, 
Loschmidt was correct in his predictions concerning 
sulfur, to which he assigned a valency of six in sulfuric 
acid. In 1863, Butlerov stated that the difference be- 
tween sulfurous and sulfuric acids would reside in the 
fact that sulfur exhibits four units of affinity in the 
former and six in the latter. The existence of SO2 and 
SO; made this assumption not unlikely. In 1864, Er- 
lenmeyer declared that it had become the general opin- 
ion that sexi-valence of sulfur was quite possible. 

The foregoing examples were selected from the wealth 
of original ideas contained in the ‘‘Chemische Studien 
I.” Not once in later years did Loschmidt urge his 
claims to priority. As a member of the Vienna Acad- 
emy, which met about 25 times each year, he had 
ample opportunity to rise and state the contents of his 
book, or he could have inserted pertinent remarks in 
the Proceedings. His silence was a reflection of his 
painfully modest nature. The furore aroused by 
Kekulé’s formulation of the aromatic compounds, 
which was announced four years after Loschmidt’s 
proposals, would have provided an exceptionally favor- 
able opportunity for Loschmidt to raise his voice in 
defense of his own brainchild. He maintained strict 
silence. Not until 1912 was the matter brought to the 
attention of the chemical world. Richard Anschiitz 
(1852-1937), pupil, coworker, friend, and successor of 
Kekulé, at Bonn, and author of the great two-volume 
biography of Kekulé, was responsible for the disin- 
terment of Loschmidt’s forgotten book. He secured a 
copy of this rare item and reported on its contents to 
the German Chemical Society. Anschiitz said: ‘‘It is 
no exaggeration to designate J. Loschmidt’s text as a 
classic attempt to represent the formulas of organic 
compounds, including even the most complicated, in a 
uniform and quite original fashion, and at a period 
when the valence theory was just beginning to gain 
acceptance.” He regarded the Loschmidt booklet so 
highly that he had the pertinent part reprinted.’ 

Early in the 19th century (1803 and ff) another 
schoolmaster, John Dalton (1766-1844) of Manchester, 
revived the ancient atomic theory but with the addi- 
tion of quantitative postulates. These enabled him to 
interpret and coordinate the laws of combination by 
weight, namely, the laws of fixed and multiple propor- 
tions. However, atoms and molecules were first differ- 
entiated by the Italian physicist, Amadeo Avogadro 

6 ANSCHUTZ, R., Ber., 45, 539 (1912); idem, ‘‘August Kekulé,” 
vol. 1, p. 302, Berlin, 1929. See also Exner, F., Naturwissen- 
—" 9, 177 (1921); WercscHEIDER, R., Chem. Zig., 45, 321 
4 Loscumipt, J., ‘“‘Konstitutions-Formeln der orga’nischen 
Chemie in graphischer Darstellung.”’ No. 190 of Ostwald’s 


“‘Klassiker der exakten Wissenschaften.”” Edited by R. ANn- 
scHutTz, Leipsic, 1913. 
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(1776-1856), when in 1811 he postulated that ‘‘the 
number of integral molecules in any gases is always the 
same for equal volumes, or always proportional to the 
volumes.’”’® This was a mighty achievement. Avoga- 
dro’s hypothesis and the laws of thermodynamics have 
become corner stones of modern theoretical chemistry. 
However, the significance of Avogadro’s idea was not 
appreciated until the dust of almost a half-century had 
settled on his work. In 1858, his fellow countryman, 
Stanislao Cannizzaro (1826-1910), brought it into the 
light of day and demonstrated, by word and pen, the 
meaning and importance of Avogadro’s hypothesis. 
Particularly helpful was Cannizzaro’s participation 
in the great chemical conference at Karlsruhe (1860), 
which met at the invitation of Wurtz and Kekulé to 
attempt to introduce order into the confusion that was 
prevailing regarding equivalents, atoms, and mole- 
cules. Cannizzaro distributed copies of his “Sketch of 
a Course of Chemical Philosophy held in the Royal 
University of Genoa.’’ This pamphlet brought con- 
viction to most of those who attended the conference.® 

The distinction between atoms and molecules was 
clearly recognized, but there were no real notions as to 
the numbers and size of molecules. Only speculations 
and phantasies as to these figures and magnitudes 
existed. However, the aim of science is to reduce its 
problems to mathematical terms. 

The molar weight (1) of an ideal gas is expressed by 
the equation: M = N,m. According to Avogadro’s 
rule, No, which represents the number of molecules per 
mol, is a constant for all ideal gases. Since M is 
known, it follows that if No can be determined, then m, 
the weight of the individual molecule, can be calculated. 
Nernst” suggested that No be called the ‘‘Loschmidt 

8 See MELDRUM, A. N., ‘‘Avogadro and Dalton,’ Edinburgh, 
1904, Alembic Club Reprints, No. 4, p. 29, Edinburgh, 1906; 
Ostwald’s ‘‘Klassiker,’’ No. 8, Leipsic, 1889. 

®It has been issued in translation as No. 30 of Ostwald’s 
“Klassiker”’ and No. 18 of the Alembic Club Reprints. Minutes 
of the Karlsruhe Conference are given in Anschiitz’s biography 
of Kekulé, vol. 1, p. 671 ff. 

10 NERNST, W., ‘‘Theoretical Chemistry, from the Standpoint 


of Avogadro’s Rule and Thermodynamics” translated by L. W. 
Copp, 8-10 Edition. London, 1923, p. 507. 
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Number’’ because the Viennese physicist made the 
first calculation of this constant. This suggestion has 
not been generally accepted. The term “Avogadro 
Number” is more often employed, although it should 
be emphasized that Avogadro never made any calcula- 
tion of this number. The Loschmidt number, on the 
other hand, is now commonly taken to be the number 
of molecules in one milliliter of an ideal gas. Since, 
under standard conditions, one mol of an ideal gas 
occupies 22,415 ml., the Loschmidt Number = Avoga- 
dro Number/22,415. 

Loschmidt announced his results at a meeting of the 
Vienna Academy on October 12, 1865. This paper, the 
most important of all his contributions, carried the 
title: ‘‘The size of the air molecules.’’ His derivation 
and the calculation of this important and fundamental 
constant cover only a few pages. His method was 
based on the kinetic theory of gases. He acknowledged 
that his results could be only an approximation, but 
stated the true value was probably no more than one- 
tenth larger or smaller.'1 He calculated the diameter 
of the air molecule to be 1 X 1076 millimeter, and 
concluded that the material contents of one cubic cen- 
timeter of a gas would cover one square meter with 
continuous film. His value for the number of mole- 
cules per milliliter was 1 X 10'%. (The modern value 
is 2.69 X 101%.) However, his estimate of this con- 
stant was of great value in fixing the order of the quan- 
tities involved. The results obtained for the Avogadro 
Number by various investigators using entirely inde- 
pendent methods agree within close limits. This 
concordance (6.02 X 10**) isa weighty argument for the 
validity of Avogadro’s hypothesis, and hence, by im- 
plication, of the actual existence of molecules. 

Loschmidt’s interests also included thermodynamics. 
He was the first to recognize the significance of the 
second law in the solution of chemical problems. He 
read his work on this subject before the Vienna Acad- 
emy on February 25, 1869. Horstmann’s very im- 
portant study on the calculation of the heat of vapori- 
zation of ammonium chloride appeared several months 
later.12 The monumental studies of J. Willard Gibbs 
appeared from 1874 to 1878. Neither Gibbs nor Horst- 
mann knew of Loschmidt’s paper. Boltzmann tells 
that Loschmidt, in connection with his thermodynamic 


11 LoscHMIpDT, J., Sitzb. Akad. Wiss. Wien, 52, 395 (1865); 
Chem Zenir., 37, 481 (1866); CHampion, F. C., anD N. Davy, 
“Properties of Matter,’’ Prentice-Hall, New York, 1937, p. 195, 
give details of Loschmidt’s calculation. 

12 HORSTMANN, A., Ber., 2, 1387 (1869). 
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studies, set up three very long tubes filled with salt 
solution in the cellar of the physics building. He 
hoped to establish the concentration changes that 
should ensue in the course of time. This was a labor of 
love, however, because when he had almost completed 
the installation, he finished his calculations, which 
showed that 3000 years would elapse before he could 
hope to find a detectable difference in the concentration 
of the upper and lower levels. 

The Stefan memorial at the University of Vienna was 
unveiled on December 8, 1895. Boltzmann gave the 
main address. In part, he said: “Stefan was practical 
minded; he gladly and expertly applied his scientific 
knowledge to technical and industrial ends. Loschmidt, 
even though he had had industrial experience, was the 
typical impractical scholar. Stefan made for himself a 
much wider reputation; he was elected Dean and also 
Rector of the University of Vienna; he was Secretary, 
and later Vice-president of the Academy of Sciences. 
Loschmidt, in contrast, remained almost completely 
unknown. The two had only one characteristic in com- 
mon: their utter undemanding, simple, and unpre- 
tentious natures. They never paraded their mental 
superiorities.... So far as I know, neither of them 
ever journied beyond the borders of their Austrian 
fatherland. Certainly, they never attended a scientific 
convention, and never developed intimate, personal 
relations with outside scholars. I cannot approve of 
this. I am sure that they would have achieved still 
more had they practiced less seclusion; in any event, 
their accomplishments would have become known 
sooner, and thus been more fruitful.”’ 

Loschmidt’s publications numbered only 20, but this 
small total in no way detracts from his fame. Doubt- 
less he could have produced much more. There are 
various reasons why he did not. In the first place, he 
was interested only in problems of first rate impor- 
tance, and it did not seem, to him, to be worth while to 
expend time and energy on minor topics. Furthermore, 
he did not have the necessary financial resources. 
Boltzmann gives instances of discoveries made by others 
that had to be passed up by Loschmidt for lack of ade- 
quate apparatus. According to Boltzmann there is 
hardly a comparable case of a scientist to whom so 
much had been denied. Though, unfortunately, this 
is true, the importance of the contents of Loschmidt’s 
few papers is so great that Boltzmann was quite justi- 
fied in saying that these studies ‘‘constitute a corner- 
pillar that will be plainly visible even at a distance so 
long as natural science endures.” 


The great scientific discoveries of the past hundred years have been child’s play 
compared to the titanic forces that will be released when man applies himself to the 
understanding and mastery of his own nature. 
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Colored Signal Smokes 


A Demonstration 


WILLIAM F. KIEFFER and JULIA M. RESKO 


Western Reserve University, Cleveland, Ohio 


HE use of colored smokes represents an important 

innovation in signaling techniques during the 
present war. Research carried out at the time of the 
last war indicated the desirability of using volatilized 
dyes in preference to finely dispersed inorganic solids. 
They were not widely employed at that time, however, 
due to the high cost of the dyes as produced by the then 
infant American dye industry. Dye smokes can be pro- 
duced in abundant clouds with colors whose vividness 
makes identification simple. Reports by the Chemical 
Warfare Service are available and give formulas of use- 
ful dyes as well as mixtures whose ignition produces the 
smoke.? ? 

The essential constituents of a smoke-producing 
mixture are: (a) a combustible material, (6) an oxidiz- 
ing agent, (c) an easily sublimed dye, and (d) a cooling 
agent. The smoke itself consists of minute aggregates of 
the dye molecules which have been dispersed into the 
air. . This dispersion is accomplished by the heat 
generated from the oxidation initiated when the mixture 
is ignited. The oxidizing agent is usually the fresh- 
man’s old friend, potassium chlorate. Sucrose or sulfur 
is most frequently included as a combustible substance. 
A bright colored dye, in order to be used successfully, 
must either be readily sublimed or be one whose boiling 
and melting points are close together. In addition, the 
dye molecule must be relatively stable against decom- 
position or transformation by heating. The anthra- 
quinone dyes have been found generally acceptable by 
these criteria. During the smoke generation the rate 
of the oxidation must be tempered by the inhibitory 
effect of a cooling agent. This serves to absorb some of 
the heat so that the temperature of the combustion does 
not advance beyond the kindling temperature for the 
organic dyestuff. The alkali bicarbonates and certain 
ammonium compounds are satisfactorily used as cooling 
agents. 

The production of colored smokes.as a classroom 
demonstration in the elementary course serves as an 
interesting illustration of potassium chlorate’s useful- 
ness. Too often the student dismisses it merely as the 
substance capable of yielding its oxygen when heated 
in company with manganese dioxide. Occasionally the 
freshman acquires the other extreme of personal experi- 
ence with its dangerous aspects by either knowingly 
or unknowingly dropping some concentrated sulfuric 
acid on it. The experiments here described demon- 


1 Ray, ARTHUR B., “Production of colored smoke signals,” 


Ind. Eng. Chem., 18, 10 (1926). 
2 TECHNICAL COMMAND OF THE CHEMICAL WARFARE SERVICE, 
“Colored signal smokes,” Chem. Eng. News, 22, 1990 (1944). 


YELLOW SMOKE 


Auramine O 50 Per cent 
OI ack Siciche 9: bua ain ore x Wa eb eS 6 Per cent 
WM aa oc he cee a ec eae cue eo eee 
INPUMENBOISE ook a fa ee okies created wa tanec 28 Per cent 
(NH3)2C2O, 6 Per cent 


64 Per cent 
8 Per cent 
20 Per cent 
8 Per cent 


8-Naphthaleneazodimethylaniline 


Sucrose 
(NH,)2C2O, 
RED SMOKE 
1 
9-Diethylaminorosindone 62 Per cent 
6 Per cent 
26 Per cent 
6 Per cent 


Sucrose 
(NHy)2C204 


56 Per cent 
7 Per cent 
10 Per cent 
20 Per cent 
7 Per cent 


1-Methylaminoanthraquinone......... 


ORANGE SMOKE 
1 
a-Aminoanthraquinone.............. 
Auramine O 


.34 Per cent 
20 Per cent 
6 Per cent 
10 Per cent 
Nae. 3 cto CEs 24 Per cent ° 
(NHy)2C204 6 Per cent 


48 Per cent 
8 Per cent 
6 Per cent 
8 Per cent 

24 Per cent 
6 Per cent 


1-Amino-8-Chloroanthraquinone 
Auramine O 


VIOLET SMOKE 
1-Methylaminoanthraquinone. .......22 Per cent 
1,4-Diamino-2,3-dihydroanthraquinone 36 Per cent 

8 Per cent 

12 Per cent 

INSBPRMO@NG Soa s liccc wb. ee cieenceceses See 14 Per cent 
(NH,)2C20,4 8 Per cent 

GREEN SMOKE 
16 Per cent 
38 Per cent 

6 Per cent 
10 Per cent 
24 Per cent 

6 Per cent 


Auramine O 
1,4-Di-p-toluidinoanthraquinone 


strate its much safer yet equally spectacular and signi- 
ficant utilization as an oxidizing agent. 

It was found that when small-scale mixtures were 
made according to the data of the Chemical Warfare 
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Service? they did not give consistently satisfactory 
results when ignited by heating. The method of initia- 
tion tried was simply to heat the mixture in a porcelain 
dish by means of a Bunsen burner. In every case the 
evolution of the dye smoke was soon interrupted by 
violent sputtering which continued until the dye was 
nearly consumed, after which a few puffs of unpre- 
dictably colored smoke were given off. Various modi- 
fications of the published formulas were tried as well as 
different means of starting the oxidation. Satisfactory 
results for simple heat initiation were obtained by 
lowering the amount of potassium chlorate, adding 
ammonium oxalate as a heat absorber, and increasing 
the proportion of the dye. Ammonium chloride could 
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be successfully used to slow the reaction, but its vola- 
tility as a white smoke obscured the dye colors some- 
what. The accompanying table lists satisfactory mix- 
tures for five- to ten-gram samples. 

With small demonstration samples, the smooth 
evolution of smoke depends upon the constituents’ be- 
ing very finely pulverized and then thoroughly mixed. 
The usual precaution against grinding potassium 
chlorate with combustible material should be em- 
phasized if the preparation of these mixtures is assigned 
as a student project. 

Acknowledgment is made to the National Aniline 
Division of Allied Chemical and Dye Corporation who 
supplied samples of dyes employed. 


DYES AND DYEING FOR BEGINNERS (Continued from page 380) 


wash out. The cotton is only slightly tinted, and this 
tint may be removed by washing with hot water and 
soap. 

Equally curious is the following: immerse wet-out 
skeins of wool and cotton in a bath of Diamine Fast 
Yellow and boil. The cotton takes the color while the 
wool is very little affected; wash with soap and water 
and all of the color will come out of the wool but not out 
of the cotton. 

And here is a surprising experiment. Thread a 
needle with fine wool yarn and embroider any design 
on a square of white cotton cloth. Wet out and im- 
merse in a bath of water containing both the Green and 
the Yellow mentioned above; bring to a boil. The 
goods will come out in two colors, green on the wool 
and yellow on the cotton. 

Chrysamine, a cotton color, is prepared as follows: 
Dissolve 2 g. benzidine in 30 cc. hot water containing 
2 ce. concentrated hydrochloric acid. Cool to room 
temperature or below, and add 1.5 g. sodium nitrite 
dissolved in a little water. Pour this solution into one 
of 3.5 g. salicylic acid dissolved in 20 cc. water contain- 
ing 1 g. sodium hydroxide. Stir well and let stand 
overnight. Drain on filter, dry, and preserve. This 
color dyes cotton yellow in a hot bath of water and soap. 

The developed colors afford a pleasing surprise. Boil 
a strip of cotton in a solution of BN made alkaline with 
just enough sodium carbonate to cause complete solu- 
tion. Remove, squeeze, and dry in the dark. Now 
prepare a bath of paranitraniline with hydrochloric 
acid and sodium nitrite, cold; lower the dried cloth into 
this solution and note the remarkable effect. 

Some of these diazo compounds are quite sensitive to 
heat and to light. Because of the heat effect, the diazo 
compound must be kept cold, and colors so derived are 
often called ‘‘ice colors.” Dye a six-inch square of 


white cotton cloth in Primuline, boil, remove, squeeze, 
and immerse in water in a beaker; add a gram or so of 
powdered sodium nitrite, stir, and acidify with dilute 
hydrochloric acid; a deepening of color will be noted. 
Remove the cloth, spread it out on a flat board, cover 
with a glass plate and cardboard stencil, and expose 
to bright sunshine for at least one minute. 


Return 


to the laboratory, and immerse the cloth in a slightly 
alkaline solution of BN. The exposed portions will 
not develop, while the covered parts develop a deep 
red. Wash, dry, iron out, and preserve. 

The property of capillarity is shown in textiles by 
dyeing a long narrow strip of cotton cloth in Congo 


Red, with a little sodium carbonate solution added to § 


brighten the color. Remove, squeeze, and dry. Sup- 
port the dry cloth so that it hangs vertically with the 
lower end just dipping into some dilute hydrochloric 
acid in a small beaker. As the acid slowly climbs up the 
cloth the color changes. 

Indigo Dyeing. Indigo is one of the oldest dyes. 
First prepare an eight-inch square of white cotton 
cloth and attach to each of two adjacent corners a 
twelve-inch length of thread. Soak the cloth in water. 
In 100 cc. water dissolve just enough indigotine to give 
a good blue color. Heat and add a few drops of dilute 
sodium hydroxide, and then stir in little by little some 
sodium hydresulfite, NaS,O., until the blue color dis- 
appears and a yellowish liquid forms; this is leuco- 
indigo. Now remove the cloth and introduce it into the 
leuco-indigo solution in a flask, letting the two strings 
hang outside. Bring to a boil, making sure all of the 
cloth remains under the surface of the liquid all the time. 
Finally withdraw the cloth by the threads and hang up 
in the air. The blue color will gradually develop by 
oxidation. 

Alkali Blue. Make a bath of Alkali Blue in 100 cc. 
water and add sodium carbonate enough to make the 
liquid quite alkaline. Immerse a long skein of white 
wool in the liquid and bring to a boil. Meanwhile fill 
a tall graduated cylinder with water and with 10 cc. 
concentrated hydrochloric acid. Remove the wool, 
squeeze, and lower into the cylinder. The colorless wool 
becomes a beautiful blue. In an alkaline solution the 
color does not develop, but it will do so as soon as the 
skein is made acid. Nicholson’s Blue will give the same 
effect as Alkali Blue. 

The above experiments are intended merely to arouse 
the interest of the student in the study of dyes and 
dyeing. They are in no sense a treatise on the subject; 
that would come later in the textile school or elsewhere. 
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Thé Rate of Oxidatiow’of lode Ton 


by Hydrogen Peroxide 


R. K. MCALPINE 
University of Michigan, Ann Arbor, Michigan 


HE practice of chemistry is concerned very 

largely with the carrying out of chemical reactions 
whereby new substances are produced from old. The 
substances entering into the reaction are known as 
reagents, and the substances produced as products. 
One of the factors in chemical reactions which is 
subject to human control and manipulation is sum- 
marized in the Law of Mass Action. This law, in 
simplified form, states that at a given temperature the 
rate of a reaction varies directly as the active mass of 
each reagent. Practically, the active mass of a re- 
agent is approximately identical with its concentration, 
especially in dilute solutions, although with higher 
concentrations additional factors known as activity 
coefficients may be introduced. 

Although this law is referred to early and late in the 
teaching of chemistry, there are relatively few exercises 
which can be placed in the hands of students or used 
for lecture demonstration to show the experimental 
basis of this law. Some years ago it had been observed 
that the rate of oxidation of iodide ion by hydrogen 
peroxide in dilute acid solution is slow enough to 
permit the development of a clock reaction of definite 
usefulness in this connection. This winter, for a course 
in general chemistry for some Navy students, the 
reaction was brought out, dusted off, and used. It 
worked so well that it was investigated somewhat 
further, and the results are reported in the present 
paper. 

In the actual experiments two reactions are involved. 
First, in acid solution hydrogen peroxide oxidizes 
iodide ion to free iodine at a moderate rate, the actual 
tate being subject to control by modifying the con- 
centrations of all three of the reagents. Second, free 
iodine is reduced very rapidly by sodium thiosulfate. 
A third possible reaction, which might be expected to 
take place, namely, the direct oxidation of the sodium 
thiosulfate by the hydrogen peroxide, actually takes 
place so slowly that its rate is negligible as compared 
with the other two. 

Thus it is possible to place a solution containing 
sodium thiosulfate and potassium iodide in one con- 
tainer and a solution of hydrogen peroxide and sulfuric 
acid (or hydrochloric acid) in another. The two are 
then poured together and mixed, whereupon the 
hydrogen peroxide starts oxidizing the iodide ion to 
free iodine. But the sodium thiosulfate reducts the 
free iodine back to iodide ion as fast as it is formed. 
If the quantities are adjusted so that the hydrogen 
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peroxide is present in excess, the sodium thiosulfate 
will finally be used up and then the free iodine will 
accumulate in the solution. In order to recognize the 
free iodine while its concentration is still quite low, a 
little starch solution is included in one of the original 
mixtures. Thus the solution remains colorless as long 
as any thiosulfate is present, but as soon as this is all 
oxidized the solution turns blue. 

On the basis of earlier experiments a set of stock 
reagents was made up as follows: 


SUUINNIE MOMS oe So cee oo a Kaos approximately 5 N 
Potassitiniiodide. ...:6.0. 606 ce ees approximately 0.5 N 
Sodium thiosulfate...............approximately 0.05 NV 
Hydrogen peroxide (3 per cent 

SERED iia ice iae- bw ened caw cats approximately 1.8N 
Spee le SOMMIOIs.«. 6 6i5.cce oo eee es approximately 1 per cent 


In later experiments 2 N HCl was used in place of the 
sulfuric acid and Superoxol (30 per cent H,O2) was 
diluted and tried to see if the negative catalyst used to 
retard the decomposition of the ordinary hydrogen 
peroxide might affect the results. No difference in 
results was obtained. 

An interesting experiment may be carried out to 
show the difference in rates of the two principal re- 
actions, oxidation of I~ to I; by the H2O:, and reduction 
of the I, by the Na2S,0;. Place 50 ml. of distilled 
water in a 250-ml. Erlenmeyer flask and add about 10 
ml. each of the acid and the potassium iodide solutions 
and 4 to 5 ml. of the starch solution. Fill a buret with 
the sodium thiosulfate solution. Now add about 5 ml. 
of the hydrogen peroxide and swirl. The solution turns 
blue-black almost instantly. Next run in some of the 
sodium thiosulfate solution, with swirling, until the 
solution is decolorized, plus 1 to 2 ml. excess. Swirl 
to mix, and let stand. In a few seconds the color 
returns. Decolorize again with the sodium thiosulfate 
and vary the excess added. The blue-black color will 
return again but the time required will vary with the 
actual excess of thiosulfate added. This process may 
be repeated a number of times. This experiment leads 
to the conclusion that the oxidation of the iodide ion 
is taking place at only a moderate rate, but the re- 
duction of the free iodine proceeds very rapidly. 

One of the early experiments tried was designed to 
show that the time required for development of the 
blue color varied directly with the amount of thio- 
sulfate used. For this, a standard oxidizing mixture 
was prepared by taking 100 ml. each of hydrogen 
peroxide and sulfuric acid, diluting to a liter, and 
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mixing thoroughly. Then four different concentra- 
tions of sodium thiosulfate were prepared by measuring 
out 5, 10, 15, and 20 ml. of the stock solution, treating 
each with 10 ml. of the potassium iodide solution and 
5 ml. of the starch solution, and diluting to 100 ml., 
followed by thorough mixing. 

In carrying out a reaction 25 ml. of the oxidizing 
mixture was placed in a clean 8-inch test tube and 25 
ml. of the Na2S,O;-KI-starch solution was placed in a 
second test tube, using pipets for these (and earlier) 
measurements. A tenth-second stop watch was then 
started, the two test tubes picked up, and at the 
instant the pointer reached the 30-second mark the 
solutions were poured together and mixed by pouring 
back and forth four times. The tube was then held 
against a white background and the watch stopped 
at the first showing of the blue color. The time re- 
corded is the time from the initial pouring together to 
the first appearance of color. Three trials were run 
for each concentration of sodium thiosulfate and the 
average taken. The individual data are recorded in 





Table 1. 
TABLE 1 
RELATION OF CONCENTRATION OF Na3S303 TO TIME FOR APPEARANCE 
or CoLor 
Relative Time in Seconds 
Concentrations aA Ratio of 
of NasS:03 1st Trial 2nd Trial 3rd Trial Average Averages 
1 10.8 11.0 10.7 10.8 1.00 
2 20.5 21.3 20.9 20.9 1.93 
3 31.0 30.9 30.8 30.9 2.86 
4 40.9 40.8 40.7 40.8 3.78 


It is obvious that the ratio of average times is suffi- 
ciently close to the ratio of concentrations to justify 
the statement that the time required to produce the 
blue color varies approximately with the amount of 
sodium thiosulfate used. In attempting to account 
for the deviation on grounds other than ‘‘experimental 
error,” two factors in the situation may be examined. 
One of these involves the fact that as different amounts 
of sodium thiosulfate are used correspondingly different 
amounts of hydrogen peroxide and sulfuric acid are 
used up, so that the concentrations of these reagents 
change during the course of the reaction. This factor 
is reduced to a very minor item by the relative amounts 
of reagents used. The actual concentrations of hydro- 
gen peroxide and sulfuric acid change very little in all 
four cases. Further, the change would be proportional 
to the amount of sodium thiosulfate used so the ratio of 
times would not be affected. 

The second factor involves the relation of times 
recorded to the times of the actual reactions. This 
factor is more difficult to deal with. It is obvious that 
the two solutions are not mixed instantly, therefore 
there is some brief interval of time between the start 
of pouring together and the theoretical start of the 
reaction. Further, a short time must elapse beyond 


the end of the reaction and the development of the 
blue color, and a further time is required to stop the 
watch after the color is recognized. Certain of these 
items are approximately constant, independent of the 
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duration of the reaction. Lumped together, they may 
be considered as a ‘‘timing correction’’ to be subtracted 
from the over-all times to get values actually pro- 
portional to the times of the reactions. With the con- 
centrations of sodium thiosulfate varying in the ratio 
1:2:3:4, it is a simple matter to see whether a constant 
can be subtracted from each of the recorded times 
(10.8, 20.9, 30.9, and 40.8) to give a closer approach to 
the.simple ratio. In this particular case, if each. re- 
corded time is diminished by 0.8 second the ratio 


‘ becomes 1:2.01:3.01:4.00. 


In connection with this timing correction, which is 
in the nature of a catch-all for several items, it is 
possible to determine experimentally how much free 
iodine is required to produce a blue color of sufficient 
intensity to be easily recognized. Several tubes of 
distilled water may be set up with a little KI and 
starch solution in each, and then single drops of a very 
dilute solution of iodine (0.0054 N in the case tried) 
added and mixed, and the colors noted. One drop of 
the iodine solution, corresponding to 0.035 mg. I; 
produced a faint color, and two drops, or 0.07 mg., a 
medium blue. Since the amount of sodium thio- 
sulfate oxidized in 10 seconds required approximately 
8 mg. of free iodine, the time that elapsed between the 
end of the reaction and the development of the blue 
color was 0.07/8 times 10, or approximately 0.1 second. 
Further, the physiological reaction time from the 
appearance of the color to the stopping of the watch 
may be assessed as approximately 0.3 second. This 
item could be measured experimentally with such 
special equipment as is used in the laboratory in 
psychology, but it has not seemed worth while to check 
this matter. It does appear, however, that in the 
reaction being investigated and under the experimental 
conditions used, there is surprisingly little error involved 
in taking the instant of initial pouring as identical with 
the actual first point in the time of the reaction. 

Before presenting a summary of the further experi- 
ments carried out, in which the concentrations of 
hydrogen peroxide, iodide ion, and acid were all varied, 
it will be interesting to examine the constancy of the 
timing results. Fifty-two experiments have been run 
in triplicate. By comparing the first run with the 
second, first with third, and second with the third, 
three checks or comparisons of times are available for 
each run, or 156 for the 52 experiments. The variations 
of these among themselves are summarized in Table 2. 


TABLE 2 
VARIATION OF TIMING CHECKS 
Variation Number Variation Number 
in Seconds of Each in Seconds _ of Each 
0.0 17 0.7 5 
0.1 37 0.8 cs 
0.2 27 0.9 2 
0.3 26 1.0 0 
0.4 16 : BS 0 
0.5 14 1.2 1 
0.6 5 1.3 1 
RS: 6555's hited} Oh is eee pines nie Salad wanton 156 
eee, EE ye rer 1.3 seconds 
GEN VORTRNUUEE SESS od he de Sv eek eect wenees 0.28 second 
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In setting up the various experiments it was found 
desirable to adjust the different concentrations so that 
the maximum time would not exceed one minute. 
This avoided two difficulties, namely, straying atten- 
tion while waiting for the end point, and decreasing 
sharpness of the end point. At the other extreme, it 
was necessary to use 10 to 15 seconds in order to carry 
through the standard mixing and be prepared to stop 
the watch. Thus, in varying the concentration of 
iodide ion 5, 10, 15, and 20 ml. of the potassium iodide 
solution were each treated with 10 ml. of the sodium 
thiosulfate and 5 ml. of the starch solution and diluted 
to 100 ml. These were then reacted separately with a 
standard mixture of hydrogen peroxide and acid (100 
ml. of each, diluted to a liter). For variation of 
hydrogen peroxide or acid, 5-, 10-, 15-, and 20-ml. 
portions of one were treated with 10-ml. portions of the 
other and diluted to 100 ml. These were then reacted 
separately with a standard reducing mixture of sodium 
thiosulfate, potassium iodide, and starch. Variations 
of this last mixture were tried, all the way from 200 
ml. of sodium thiesulfate plus 200 ml. of potassium 
iodide solution (plus 40 ml. of starch solution) diluted 
to one liter, down to 10 ml. each of sodium thiosulfate 
and potassium iodide solution. In the later experi- 
ments the mixture adopted was 50 ml. of each of the 
solutions, diluted to one liter and mixed. 

To show the variation in the rate of the reaction with 
the concentration of the various reagents, the raw tim- 
ing data were converted to rates by comparing the 
reciprocals of the times observed. The unit of chemical 
reaction involved in each case was the liberation of 
the amount of iodine necessary to use up a standard 
amount of sodium thiosulfate. The longer the time 
required, the slower the reaction was proceeding. Thus 
the reciprocals of the times were used to compare the 
rates. These data are summarized in Table 3. The 
different series referred to involved such things as 
shifting from sulfuric acid to hydrochloric acid, use of 
Superoxol in place of ordinary hydrogen peroxide, and 
variation in the concentrations of the standard reducing 
mixture. These are not discussed further. 


TABLE 3 


Rate RATIOS FROM RAw TIMING Data (RATE = 1/1) 
Concentrations studied = 1:2:3:4 


Reagent 

Varied Series ‘ Rates 

H202 a 1:1.95:2.83:3.78 
H:20: b 1:1.96:2.81:3.83 
H:20:2 c 1:1.70:2.92:3.75 
KI a 1:1.86:2.72:3.56 
KI b 1:1.91:2.73:3.47 
H2SOu a 1:1.42:1.86:2.29 
H2SO. b 1:1.44:1.87:2.25 
H2SO, c 1:1.43:1.81:2.26 
HCl a 1:1.45:1.83:2.24 
HCl b 1:1.41:1.83:2.17 
HCl c 1:1.48:2.03:2.51 


In these raw rates it will be observed that for the 
several series of experiments involving hydrogen per- 
oxide and potassium iodide, the ratios are qualitatively 
the same as the relative times required for oxidizing 
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varying amounts of sodium thiosulfate. This is suffi- 
cient to indicate that the rate of oxidation of iodide 
ion by hydrogen peroxide, in the acid range studied, 
varies essentially as the first power of the concentration 
of each of the two reagents. In the case of both 
sulfuric and hydrochloric acid the effect does not 
follow a simple relation. For the first two members 
of series a, 6, and c in the case of sulfuric acid, and 
series a and b for hydrochloric acid the effect is ap- 
proximately a square root relation. That is, doubling 
the concentration of the acid increases the rate by 
approximately the square root of 2 (1.414). However, 
a fourfold increase in the concentration of the acid 
produces definitely more than a twofold increase in 
rate, and in series c of the hydrochloric acid studies 
the concentrations were double those of series ) and 
a still more marked deviation toward a first power 
relation is observed. 

The rates considered in the last paragraph are those 
obtained from the raw timing data. It is possible to 
calculate a timing correction from the experimental 
data for hydrogen peroxide and potassium iodide on 
the assumption that the rate is strictly a first power 
effect in these two cases. Thus, by applying a correc- 
tion of one second the three series for hydrogen per- 
oxide become * 


1:2.00:2.96:4.06 
1:1.96:2.88:4.00 
1:1.98:3.02:3.94 


In the case of potassium iodide a correction of two 
seconds in series a (using 5 N sulfuric acid and ordinary 
hydrogen peroxide) and 2.5 seconds for series 5 (using 
2 N HCI and diluted Superoxol) gives the following 
ratios: 

Seriesa 1:1.94:2.98:4.08 

Series b 1:2.01:3.01:3.98 


In conclusion, it should be noted that there are 
several anomalies in the system under study, an 
anomaly being defined as an unexpected irregularity 
in chemical behavior. Thus it is not at all obvious 
why hydrogen peroxide should oxidize iodide ion so 
much more slowly than iodine oxidizes sodium thio- 
sulfate, and it is still more difficult to understand why 
hydrogen peroxide should have so little effect on such 
a strong reducing agent as sodium thiosulfate which 
can be oxidized so rapidly by iodine. Further, it may 
be noted that the chemical equation for the net reac- 
tion being studied is written: 


H.,02 + 2I- + 2H*+ = I, + 2H,0 


According to the law of mass action, if the reaction 
took place directly in accordance with the equation 
it would be expected that the rate would vary directly 
as the first power of the concentration of hydrogen 
peroxide (which it does), and as the second power of the 
concentrations of both iodide ion and hydrogen ion. 
The fact that it goes as the first power of the iodide 
ion rather than the square has been accounted for by a 
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mechanism involving two reactions, one slow and one 
fast, the first forming hypoiodous acid (HIO), 


HO, + Ht +I- = HIO + H,O 


and the second forming free iodine by the reaction of 
the hypoiodous acid with more iodide ion, 


HIO + H+ +I1- =I; + H.0 


The slowness of the first reaction controls the over-all 
rate, and in this equation the iodide ion has a coefficient 
of one so first power effects are to be expected (or are 
accounted for). However, it is to be noted that the 
coefficient for hydrogen ion is also one and so first 
power effects would be expected in this case also. 
The fact that the data for variation of hydrogen ion 
do not show first power effects indicates that under the 
conditions studied the mechanism must be more com- 


lonization Potentials 


JouRNAL OF CHEMICAL EDUCATION 


plex than the one just suggested. Some further work 
is being done along this line. 


SUMMARY 


A clock reaction has been developed to show in 
greater detail than usual the experimental basis of the 
law of mass action. Only a fourfold variation in con- 
centrations was investigated except in the case of 
hydrogen ion, but the range can be increased con- 
siderably by proper adjustment of the various re- 
agents. In the oxidation of iodide ion by hydrogen 
peroxide in moderately acid solution, the rate varies 
directly as the concentrations of the hydrogen peroxide 
and the iodide ion, and less than directly as the concen- 
tration of the hydrogen ion. The effect of ionic 
strength has not been studied. 


in the Teaching of Elementary Chemistry 


HARRY H, SISLER and CALVIN A. VANDERWERF 


University of Kansas, Lawrence, Kansas 


INTRODUCTION 


N A previous publication! the authors presented 
arguments for the application of recent advances in 
chemical theory to the teaching of elementary inorganic 
and organic chemistry. In the present paper an at- 
tempt has been made to describe in some detail the use 
of one group of data, namely, the gaseous ionization 
potentials of the elements, in a course which purports 
to follow the objectives set forth in the reference men- 
tioned above. 

No characteristics of an atom are more important 
than those which determine the manner in which the 
atom will enter into combination, 7. e., the type of 
chemical bonds which it will form with other atoms. 
The close dependence of the properties of a compound 
upon the nature of the bonds which hold its atoms 
together makes the knowledge of the important factors 
which affect the nature of these bonds of primary im- 
portance to the student in the ‘‘modern’’ chemistry 
course. 

Let us consider the compound AB in which each 
atom has at least one valence electron. The bond be- 
tween the atoms A and B may be of one of several 
types. If the compound is electrovalent the reaction 
between A and B may be represented by the equation, 


A: + (Boats :B- 
On the other hand, AB may be a completely nonpolar 





1 Sister, H. H., ano C. A. VANDERWERF, ‘‘Modern theory: 
A tool in teaching elementary college chemistry,’”’ J. CHEM. 
Epuc., 20, 479-83 (1943). 


covalent compound in which case the two atoms share 
a pair of electrons equally as is shown by the equation, 


A-+ -B—-A:B 


Finally, AB may be a covalent molecule with an appre- 
ciable degree of polarity. In such a case, the pair of 
electrons is shared but unequally, giving what is known 
as a polar covalent bond. 


A-+ -B—~A:B 


The most important factor which determines to 
which of these types the molecule AB will belong is the 
relative attractions which the atoms A and B have for 
electrons. If there is a wide difference in this respect 
electron transfer will take place and an electrovalent 
compound will result. If, however, the atoms differ 
appreciably in their attraction for electrons but not 
sufficiently to allow for electron transfer, a polar co- 
valent compound in which the pair of electrons are 
shifted toward the atom having the greater attraction 
for electrons will result. Finally, if the electron attrac- 
tive powers of A and B are equal a nonpolar covalent 
molecule will be obtained. 


MEASURES OF ELECTRON ATTRACTION: 


Such terms as electronegativity, electron affinity, 
and electron attraction have, in the past, been used 
almost interchangeably and various methods have been 
proposed for their measurement. The lack of accurate 
definitions of these terms resulted in a considerable 
amount of confusion. This confusion, however, has 
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been largely eliminated in recent years, and it is now 
generally recognized that there are three different 
characteristic sets of data which, to a greater or lesser 
degree, may be used as indications of the relative 
attractions which atoms have for electrons, or for the 
relative ease with which atoms lose electrons. These 
three are: (a) electron affinities; (5) electronegativities; 
and (c) ionization potentials. 

The electron affinity of an atom A is equal to the 
energy evolved in the reaction, A + e~— A~. This 
quantity is particularly useful in discussing electro- 
valent compounds of the active nonmetals such as the 
halogens. In the case of the metals and the inert gases, 
however, the electron affinities may be considered to be 
zero and the general application of electron affinity data 
is, therefore, limited. 

The electronegativities of atoms are more difficult to 
define but, as derived by Pauling, may be said to con- 
sist of numbers which represent the relative attractions 
which the various atoms have for electrons when the 
atoms are in stable covalent molecules.? The deriva- 
tion of these quantities is based upon thermal data and 
upon theoretical concepts which are difficult for the 
elementary student to understand; their usefulness in 
an elementary course is therefore limited. 

The gaseous ionization potentials of the elements 
are the energies required to bring about the removal of 
electrons from the atoms of the elements. The first 
ionization potential may be defined as the energy re- 
quired to remove the least tightly bound electron from 
the unexcited atom and corresponds to the process, 
A — At+.+ e- where A is in its normal or unexcited 
state and is in the form of a dilute gas. The second 
ionization potential is the energy required to bring 
about the process At — Att + e-, the third ioniza- 
tion potential refers to the change A++ — At+++ + e-, 
and so on for the fourth, fifth, sixth, ... and mth 
ionization potentials. 

This concept is not a difficult one for the elementary 
student to understand nor are the methods by which 
ionization potentials are measured® beyond the com- 
prehension of the student in general chemistry. Fur- 
thermore, the extent to which these experimental 
quantities may be correlated with the chemical proper- 
ties of the elements and with their electronic con- 
figurations is a source of much satisfaction to the think- 
ing student; it does much to remove the stigma of 
‘just memory work’’ from elementary inorganic 
chemistry. 


FACTORS AFFECTING IONIZATION POTENTIALS 


In order that the significance of the variation in 
ionization potentials of the elements with their position 
in the periodic system may be clearly understood by 
the student the atomic characteristics which determine 
the ionization potentials must be discussed. A rigorous 





2 PauLING, L., ‘‘The Nature of the Chemical Bonds’’ Cornell 
University Press, Ithaca, New York, 1940, Chapter II. 

3 GLASSTONE, S., ‘‘Textbook of Physical Chemistry,’’ D. Van 
Nostrand Co., Inc., New York, 1940, pp. 49-52. 
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discussion of this question would involve a wave 
mechanical treatment which is out of the question in an 
elementary course. However, a fairly simple, though 
admittedly. approximate, approach to the problem is 
attained through a discussion of the following factors: 
(a) the charge on the atomic nucleus; (0) the shielding 
effect of the inner electron shells; (c) the atomic radius; 
and (d) the extent to which the least tightly bound 
electron may be considered to penetrate the more or 
less spherical smear of negative electrical charge con- 
stituted by the inner shells of electrons. 

The relationship of the first of these factors to the 
ionization potential is fairly obvious for, as the posi- 
tive charge on the nucleus of the atom is increased, 
the attractive force acting upon the negatively charged 
electrons will be augmented. It is likewise readily 
apparent that the existence of inner shells of electrons 
between the least tightly bound electron and the 
nucleus will ‘‘shield’’ the electron from the nucleus to a 
certain extent, for the attractive force of the nucleus for 
that electron will be partially counterbalanced by the 
repulsion effect of the previously added electron shells. 
The effect of increased atomic radius on the attractive 
force between the nucleus and the outer electrons pre- 
sents no great difficulty to the elementary student. 

The fourth factor, 7. e., the effect of penetration by the 
outer electron into shells of previously added electrons 
is not so apparent, but even this does not offer an insur- 
mountable obstacle to the student’s understanding. 
In the discussion of the electronic configurations of the 
elements and the periodic system the student has al- 
ready become acquainted with the quantum numbers 
n, 1, and m, and their significance in terms of the Bohr- 
Sommerfeld picture of the atom. He has thus already 
been told that the shape, 7. e., the eccentricity, of an 
elliptical electron orbit depends upon the quantum 
number /—the smaller the value of / for a given value 
of n, the greater the eccentricity of the orbit. Thus for 
a given shell of electrons, the eccentricity of the orbits 
in the s, p, d, and f subshells (corresponding to values 
for ] of 0, 1, 2, and 3 respectively) decreases in the order 
s > p>d>f. Since the nucleus is at one of the foci of 
an elliptical orbit it is apparent that for a given electron 
shell, the more eccentric the orbit ef an electron, 7. e., 
the smaller the value of 1, the closer the electron will 
come to the nucleus at one point in its orbit. This is 
illustrated in Figure 1. 

It follows, therefore, that an electron in an s orbit will 
penetrate inner electron shells to a greater extent than 
a p electron in the same shell. Likewise, the penetra- 
tion of inner electron shells by a d electron will be less 
than that of a electron and more than that of an f 
electron in a given electron shell. 

The relationship of the ionization potential of an ele- 
ment to the extent to which its least tightly bound 
electron penetrates inner electron shells arises from the 
fact that, while as long as the electron remains com- 
pletely outside these inner electron shells it is shielded 
from the nucleus by them, as soon as the electron pene- 
trates these inner shells this shielding effect is reduced, 
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TABLE 1* 
Electron Configuration Ionization Potentials (in Volts) ——. 
oe Ist 2nd 3rd 4th 5th 6th 7th 8th 
H 1s! g 
‘c 13.53 
He 1s? a - 
24.48 54.14 
Li 1s? 2s! 337 | 
Be 1s? 2s? ene 
B 1s? Qs? 2p! meee 
¢ 1s? 2s2 2p? = : 
g | 11.22 389.9 
N 1s? 2s? 2p3 = 
: namiegeall & | 14.48 97.43 | 546.7 
Ss Ss p 
13.55 34.93 54.88 76.99 109.19 137.48 | 733.0 
F ls? 2s? 2p5 
. 62.35 86.72 113.67 156.37 184.26 945.8 
Ne 1s? 2s2 2p6 
Na 1s? 2s2 2p6 351 5 
Mg 1s? 2s? 2p6 352 - 79.72 
Al 1s? 2s? 298 3s? 361 | 5. 96 18.75 28.32 119.37 
Si Ist 258 2p¢ 3s? 398 6 | 8.12 16.27 33.30 44.95 165.6 
P Is? 2s? 2p¢ 3s? 3p§ SF | ayy 19.81 30.04 51.1 64.74 
5 1s? 2s? 2p 35% 3ph 10.31 23.30 34.9 47.08 67.0 ST alle een 
Cl 1s? 2s? 2p6 3s? 3ps 12.96 23.70 39.7 53.16 67.7 88.7 113.7 OARS 
A 1s? 252 2p6 3s2 3ps 15.69 





* Values taken from SHERMAN, J., Chem. 
ing Company, Cleveland, 1939, pp. 1528-9. 


7. é., the net force of attraction of the nucleus for the 
electron is increased. Therefore, the ionization poten- 
tial of an atom whose least tightly bound electron is in 
an s subshell is greater than if that electron were in a p 
subshell; similarly a p electron is more difficult to 
remove than ad or f electron, other factors being con- 
stant. 





FiGuRE 1.—ORBITS OF THE §, P, D, AND F ELECTRONS OF THE 4TH 
ELECTRON SHELL 


Having been given these basic principles, the student 
is ready to undertake the discussion and interpretation 
of ionization potential data in relation to the atomic 
structure and properties of the elements. Ionization 
potentials for the elements of the first three series of the 
periodic system are given in Table 1. 


Revs., 11, 188 (1932), and ‘“‘The Chemistry & Physics Handbook,” 23rd Edition, The Chemical Rubber Publish- 


INTERPRETATION OF IONIZATION 


POTENTIAL DATA 


APPLICATION AND 


Variation within a Single Period. An examination of 
the data in Table 1 reveals a number of interesting 
relationships. In the first place it may be observed that 
there is a general increase in ionization potential as one 
proceeds from left to right in a given period in the 
periodic system. Thus, in the third period, sodium, the 
first element on the left, has the lowest ionization poten- 
tial and argon, the last element in the period, the high- 
est. This general increase is easily explainable as the 
result of the fact that, whereas within a given period 
the electrons which are being added as we go from ele- 
ment to element are at roughly similar distances from 
the nucleus, the charge on the nucleus is steadily in- 
creasing. The energy required to remove these outer 
electrons increases, therefore, with increasing nuclear 
charge. This is indicated graphically in Figure 2. 
Furthermore, it can be seen from this figure that follow- 
ing each inert gas, 7. e., at the beginning of each new 
period in the periodic system, there is a marked drop in 
ionization potential. This is to be expected for this 
electron is going into a higher shell and is relatively 
well shielded by all the previously added electrons, in 
spite of the fact that, since this electron is an s electron, 
it penetrates these inner shells to a considerable extent. 

The increase in ionization potential which takes place 
as one passes from left to right through a given period 
may be used as a basis for at least a partial explanation 
of the marked change in the chemical properties of the 
elements in this same order. At the left of a period we 
have elements of low ionization potentials which react 
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These elements are, therefore, 


by losing electrons. 
strong reducing agents and form ionic compounds in 
which they exist as positive ions. As one proceeds to the 
right the increase in ionization potentials is accompanied 
by a decrease in the tendency to lose electrons and an 
increase in the tendency to form covalent rather than 


electrovalent bonds. Near the end of the period ele- 
ments of very high ionization potential which tend to 
form negative ions by taking up electrons and are, 
therefore, strong oxidizing agents are encountered. It 
must be pointed out to the student, of course, that 
ionization potential is not a measure of tendency to 
take up electrons. Atoms of very high ionization 
potential, however, which have unfilled places in their 
valence shells have, in general, high electron affinities. 
The trend from metallic to nonmetallic behavior is thus 
easily correlated with ionization potential data. 

This point is emphasized even more decisively when it 
is pointed out that in order to attain stable inert gas 
configurations by the loss of electrons, not one but all 
the valence electrons must be lost. Thus the sodium 
atom must lose one electron, the magnesium atom two, 
aluminum three, silicon four, phosphorous five, sulfur 
six, and chlorine seven. The data in Table 1 indicate 
that the energy required to remove each successive 
electron from an atom is higher than for the previous 
electron. Thus the ionization potential required to re- 
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move all the valence electrons increases even more 
rapidly from left to right in a given period than do the 
ionization potentials for a single electron. This is 
shown by Table 2. 


TABLE 2 


IONIZATION POTENTIALS FOR COMPLETE REMOVAL OF ALL VALENCE ELEC- 
TRONS (IN VOLTS) 


H He 
13.53 54.14 
Li Be B Cc N 0) F A 
5.37 18.14 37.75 64.19 97.43 137.48 184.26. ..... 
Na Mg Al Si Pp Ss Cl Ne 
5.12 14.97 28.32 44.95 64.74 87.67 BIGGe i cncads 


In view of the data in this table it is not surprising 
that there is little tendency for elements other than 
those in the alkali and alkaline earth metal groups to 
form simple positive ions. 

It is interesting to note from the data in Table 1 and 
from Figure 2 that whereas the general trend of first 
ionization potentials is an increase from left to right in a 
given period in the periodic system, there are minor 
retrogressions between beryllium and boron in the 
second period, between magnesium and aluminum in 
the third period, and between the corresponding ele- 
ments in succeeding periods. Likewise, less important 
retrogressions occur between nitrogen and oxygen, 
phosphorous and sulfur, arsenic and selenium, and an 
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irregularity in the curve between antimony and 
tellurium. The reasons for the latter set of irregularities 
are obscure, but the former are readily understandable 
and give additional evidence for the validity of our 
approach to the problem. 

Let us consider, for example, magnesium and 
aluminum. The magnesium atom has two valence 
electrons both of which in the normal state of the atom 
reside in the 3s subshell. Since the capacity of an s 
subshell is only two, however, the third valence elec- 
tron in the aluminum atom must go into the 3p sub- 
shell. As has already been pointed out, a p electron, 
because of its lesser degree of penetration, is held less 
tightly than an s electron having the same main 
quantum number 2. In this case, the smaller attraction 
of the nucleus of the atom for the p electron as compared 
with that for an s electron more than overcomes the 
effect of the increased nuclear charge so that the first 
ionization potential of aluminum is less than that of 
magnesium. It is to be noted, however, that this 
retrogression applies only to the first ionization poten- 
tials of these elements, for the second ionization poten- 
tial of aluminum is definitely higher than the second 
ionization potential of magnesium. This is as we would 
expect for here we are dealing with 3s electrons in both 
elements, and the normal effect of increasing nuclear 
charge operates. A similar argument applies equally 
well to beryllium and boron, zine and gallium, cadmium 
and indium, and mercury and thallium. 

Since the retrogression of first ionization potentials in 
these instances depends upon the smaller degree of 
penetration of a p electron as compared to an s electron, 
we would expect this effect to increase in the order 
B.-B > Mg-Al > Zn-Ga > Cd-In > Hg-TI, for pene- 
tration effects are intensified as the number of electron 
shells underlying the valence shell increases and more 
shells are thus made available through which the valence 
electron can penetrate. That this expectation is, in a 
general way, borne out may be observed from Figure 2. 

Ionization Potential Data and the Number of Valence 
Electrons. The data in Table 1 provide excellent experi- 
mental evidence for the number of valence electrons in 
an atom. In the case of lithium, the first ionization 
potential is very low (5.37 volts) but the second is very 
much higher (75.28 volts), indicating that one electron 
is much more easily removed than the rest; in other 
words, a lithium atom has one valence electron. There 
is a marked increase between the second and third 
ionization potentials of beryllium, indicating two 
valence electrons. Similarly, sharp increases occur be- 
tween the third and fourth ionization potentials of boron, 
the fourth and fifth ionization potentials of carbon, 
the fifth and sixth of nitrogen, the sixth and seventh of 
oxygen, and the seventh and eighth of fluorine, indicat- 
ing three, four, five, six, and seven valence electrons, 
respectively. Analogous conclusions may be drawn for 
the elements from sodium to chlorine, respectively, 
and for the heavier elements for which sufficient ioniza- 
tion potential data are available. 

Variation within a Given Group. A comparison of the 
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ionization potentials of the elements in a given group in 
the periodic system is of value to the student in the 
study of the gradation of properties within the given 
group. As is indicated by the data in Table 3, with 
certain minor exceptions which are discussed below, the 
ionization potentials of the elements in a given family 
decrease as one goes from the top of the group to the 
bottom. 


TABLE 3 
IONIZATION POTENTIALS REQUIRED TO REMOVE ALL VALENCE ELECTRONS 

Group Ia Group Ila Group Via 

Li 5.37 Be 18.14 O 137.48 

Na 5.12 Mg 14.97 S 87.67 

K 4.32 Ca 11.82 Se 81.4 

Rb 4.16 Sr 10.98 Te 72.0 

Cs 3.88 Ba 9.95 


This fact may be explained to the elementary student 
as follows: 

It is pointed out that, in a given group in the periodic 
system, the effect of higher nuclear charge would tend 
to cause the lower elements in the group (7. e., those of 
higher atomic number) to have higher ionization poten- 
tials than the higher members (those of low atomic 
number). This effect is more than counterbalanced, 
however, by the fact that in the atoms of higher atomic 
number the valence electrons are farther from the 
nucleus and are shielded by more intervening shells of 
electrons than in the atoms of lower atomic number of 
that same family. Of course, the increased shielding 
effect is reduced somewhat by penetration of the 
valence electrons within these inner shells, but the 
over-all effect is that the ionization potentials decrease 
from the upper members of the family to the lower. 

This fact provides the explanation for the rule that, 
in general, metallic properties become more prominent 
within a given periodic family as the atomic number is 
increased, while nonmetallic characteristics become less 
prominent in the same direction. Combined with the 
statement above concerning trends from left to right in 
the periodic system, this gives a basis for understanding 
the fact that in the new ‘‘long”’ forms of the periodic 
chart the most active metal and nonmetal are at the 
lower left and upper right of the chart, respectively. 
It accounts, furthermore, for the fact that the non- 
metals may be roughly separated from the metals by 
means of a diagonal line on the periodic chart. This 
line separates beryllium from boron, aluminum from 
silicon, germanium from arsenic, antimony from tel- 
lurium, and polonium from element No. 85, as is shown 
in Figure 3. 

There is, of course, almost no limit to the number of 
applications of the above principles to specific chemical 
situations. The increased tendency for the elements in 
the alkaline earth group to react with water is an ex- 
ample. Beryllium fails to react even with boiling water, 
magnesium reacts with boiling water but is unaffected 
by cold water, calcium, strontium, and barium react 
even with cold water with vigor increasing in that 
order. This order corresponds exactly to that of de- 
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creasing ionization potentials, and may thus be ex- 
plained. Likewise the order of the activities of the 
halogens affords another example of the application of 
the above principles. Thus, fluorine displaces chlorine 
from solutions of chloride ion, chlorine displaces bro- 
mine from bromides, and bromine displaces iodine from 
iodides, which is in agreement with the fact that ioniza- 
tion potentials of these elements decrease in the order 
F > Cl >Br >I, and their electron affinities decrease 
in the same order. The decreasing acidity of the 
hydroxides of trivalent nitrogen, phosphorous, arsenic, 
antimony, and bismuth, as well as similar trends in 
other groups, is readily interpreted in terms of decrease 
in ionization potentials with increasing atomic number 
in a given family. 

Other Applications. For those who still use the 
Mendeleeff form of the periodic chart, the explanation 
for the marked difference in chemical and physical 
properties of the elements of the two subgroups be- 
longing to a single main group is a difficult pedagogical 
problem. Of course, in the ‘‘long’’ form of the chart 
these subgroups are in different columns and are con- 
sidered, in fact, to be separate groups, and the ques- 
tions as to reasons for their differences do not arise so 
commonly. By the application of the principles dis- 
cussed above the explanation of these differences, e. g., 
of the lesser activity of the copper family elements than 
of the corresponding alkali metals, is not particularly 
difficult. The electronic configurations, and atomic 
numbers of corresponding members of the two families 
are listed in Table 4. The ionization potentials of the 


TABLE 4 
Element At. No. Configuration 
K 19 2 26 2,6 1 
Cu 29 2 2G 2610 ft 
Rb 37 2 2,6 2,6,10 2,6 1 
Ag 47 2 2,6 2,6,10 2,6,10 1 
Cs 55 2 2,6 2,6,10 2,6,10 2,6 1 
Au 79 2 2,6 2,6,10 2,6,10,14 2,6,10 1 


copper family elements are much higher than those of 
the corresponding alkali metals, which is in accordance 
with the much greater reactivity of the latter. If we 
were to assume that the single valence electron in each 
atom of corresponding members of the two families is 
completely shielded from the nucleus by the interven- 
ing shells of electrons, 7. e., that the electron did not 
penetrate these shells, we would expect that the ioniza- 
tion potentials and reactivities of the corresponding 
members of the two families would be approximately 
equal except for effects due to the somewhat smaller 
radius of the copper family elements which results from 
their greater nuclear charge. However, in the normal 
state of the atoms of these two families the valence 
electron is an s electron which, therefore, penetrates to a 
considerable extent the inner electron shells. It is 
readily apparent that the penetration of the valence 
electron beneath an inner shell of 18 electrons in an 
atom of the copper family will produce a much greater 
lowering of its energy than the penetration of the 
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valence electron beneath an inner shell of 8 electrons in 
an alkali metal atom. The copper family elements, 
therefore, release their valence electrons much less 
readily than the alkali metal atoms and are, hence, less 
active. 

The elements (At. Ngs. 72 through 82) immediately 
following the rare earth elements in the periodic system 
provide an interesting series of exceptions to the general 
rule that in a given family ionization potentials de- 
crease and metallic activity increases. These elements 
are enclosed by a dotted line in Figure 3. For each of 
these elements for which ionization potential data are 
available the ionization potential is higher than that of 
the preceding element in that family. The chemical 
properties are in accord with this fact. It is interesting 
to note, also, how many of the very “‘noble’’ metals, 
such as iridium, platinum, gold, and mercury, four of 
our least active metals, are included in this series. 
Furthermore, the normal situation where the atomic 
volumes of the elements in a given family of the 
periodic system increase with increasing atomic number 
is also altered for these elements for they have atomic 
volumes, which are only very slightly, if at all, larger 
than the preceding elements of their respective families. 
It is desirable that the student be given an explanation 
for this apparently anomalous situation. Such an ex- 
planation follows readily from the general principles 
set up in the beginning of this discussion. The principal 
factor involved is the extraordinary increase in nuclear 
charge which takes place between these elements and 
the preceding elements in their respective families. 

The increase in nuclear charge between rubidium 
and cesium, and between strontitim and barium is equal 
to 18 units in each case. However, all the elements of 
atomic numbers 72 through 86 possess nuclear charges 
32 units larger than the preceding elements in their 
respective families, as a result of the series of rare 
earth elements (At. Nos. 57 through 71) in which the 4f 
subshell is filled with 14 electrons giving the fourth shell 
a total of 32 electrons. It might be supposed that the 
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FIGURE 3 


effect of this extraordinarily large increase in charge 
would be balanced by the shielding effect of the addi- 
tional electrons in the fourth shell. However, this is not 
true, since the outer electrons penetrate this shell to 
some extent; the ionization potentials of these ele- 
ments are, therefore, much greater and the atomic 
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saving suit with ammonia gas mixed with air after all 


COMMITTEE of experts. has recently been ap- 

pointed to investigate the most economical and 
efficient methods of reducing surplus aircraft to usable 
metal, the largest part of which is aluminum. A tre- 
mendous amount of such scrap material is being made 
available and there is evidence that a secondary metal 
can be produced from this source which can be readily 
used for both wrought and cast products and at a price 
sufficiently lower than alloys of virgin metal to en- 
courage almost limitless applications. Among the 
possible uses are prefabricated housing, kitchenware, 
roofing, fending, and many household articles of light- 
weight metal. 

Two methods of converting aircraft scrap to alu- 
minum ingots are being studied. One involves melting 
the scrap into an alloy ingot which can be adapted to 
such uses as those mentioned. The other is a chemical 
process which ultimately produces pure aluminum. 


e@ Thallium sulfate is being extensively used for rat 
control in European areas and in the Pacific war 


theaters. 


e@ A new periodical has appeared, entitled Polymer 
Bulletin, published by Interscience Publishers, Inc. 
(215 Fourth Ave., New York 3, New York), with the 
cooperation of the Bureau of High Polymer Research 
of the Polytechnic Institute of Brooklyn. The edi- 
torial of the first, April, number says: “Its publication 
has stemmed from the desire of the members of the 
newly formed Bureau of High Polymers to provide a 
medium for the dissemination of information on 
trends, developments, and research in the rapidly 
growing field of high polymers.” Its first article 
describes some of the research now being undertaken 
at the Bureau. It proposes to make a regular feature 
of abstracts of the Bureau’s seminars. 


@ ‘Fluorine in Dental Public Health”’ is the title of a 
symposium held some months ago at the New York 
Academy of Medicine, of which a report has just been 
published by the New York Institute of Clinical Oral 
Pathology, 101 East 79th St., New York 21, New York. 


e A quick method of testing individual rubber life- 
saving suits, resembling grandmother’s inflatable dress 
form, is said to have saved the lives of countless sailors 
from ships torpedoed at sea. 

In addition to his ‘‘Mae West”’ to keep him afloat, a 
survivor of a torpedoed ship must be kept thoroughly 
dry while floating around in the water awaiting rescue. 
Hours and perhaps days might pass by before rescue and 
hence the rubber life-saving suit, provided to keep the 
wearer dry, must be absolutely free of leaks—even the 
most minute pin holes which could cause leakage after 
continued immersion. 

The testing technique consists of inflating the life- 


natural openings are made airtight. Under test, a 
cotton knitted garment tailored to fit the suit is placed 
over the specimen. The knitted outer garment is 
dyed with a sensitized yellow dyestuff which turns red 
in contact with ammonia. Any area of leakage can 
immediately be spotted from the bright red spot formed 
where the gaseous mixture pours through the leak. 
The leak is thus positively located and the area can be 
repaired at once. This testing apparatus—there are 
now eight units in various parts of the country—saved 
thousands of dollars worth of critical war materials 
and an incalculable number of sorely needed man-hours 
by allowing defective suits to be repaired instead of 
scrapped. This is quite aside from the invaluable 
lives saved by the suits themselves. 


e@ Experiences of interviewers at local offices of the 
United States Employment Service, War Manpower 
Commission, with respect to selective placement of the 
handicapped have proved that in the majority of cases 
there is no such term as “‘unemployable.”’ 

At present, it has been pointed out, blind workers are 
sorting mica because of their extraordinary sense of 
touch, deaf workers are doing riveting work in noisy 
war plants that would distract those with sensitive 
hearing and those without arms or legs are doing many 
types of jobs heretofore thought impossible to perform 
by anyone but the able-bodied. 


e@ A group of expert technologists is in Germany under 
the auspices of the Petroleum Administration for War 
studying refinery and oil production methods. 

Composed of leading technologists from oil com- 
panies throughout the American petroleum industry 
and from Government, the group was assembled in 
England and followed advance elements of the Ameri- 
can armies in order to reach the German oil centers be- 
fore records could be removed or destroyed and per- 
sonnel dispersed. 

“While it is too early to give definite results of the 
investigation,’ said Deputy Petroleum Administrator 
Ralph K. Davies, ‘‘many very interesting discoveries 
have been made which should contribute to improve- 
ment in techniques in producing the petroleum prod- 
ucts so necessary for victory in the Pacific—which was, 
of course, the purpose of the mission.”’ 

The investigation covered German manufacturing 
methods of hydrogenation, catalytic cracking, hydro- 
forming, alkylation, polymerization, and other proc- 
esses. 

While few specific conclusions can be drawn this 
early in the investigation, it is possible to state in 
general that the German methods of refining crude oil 
and manufacturing high-quality products were far less 
efficient than those in common use in the United States. 
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Moreover, the quality of the petroleum products used 
by the German armed forces, especially gasoline, was 
inferior to that supplied the armed forces of the United 
Nations, the survey showed, not because of lack of 
scientific knowledge but because of inability to con- 
struct and maintain production capacity. 

“The Nazis produced the ingredients for 100-octane 
gasoline, but not in sufficient quantity to bring all the 
gasoline they needed to that standard. The difference 
in quality gave American engines in combat a margin of 
performance that often meant victory instead of de- 
feat.” 

Following the vanguard of American forces across 
France, the investigating group learned little of value, 
since the Germans had not augmented French plants, 
and the Nazi staffs had retreated with the Wehrmacht, 
taking their records with them. In Germany, however, 
despite the badly damaged condition of the plants, most 
of which had been bombed out of production com- 
pletely for several weeks before American forces reached 
them, information of considerable value was obtained, 
the survey group believes. 

Tons of records have been recovered from the ruined 
plants and microfilmed for removal to this country for 
translation and study. At one plant, after the records 
and laboratory experimental data had been seized it was 
learned that a summary had been made and buried to 
preserve the information for the future. This hiding 
place was finally discovered, and the summary, which 
neatly tabulated the results of the voluminous records, 
also was taken for study. 

In most cases, German technicians cooperated with 
the investigating group and supplied much additional 
information. Their attitude in many cases was one of 
scientific detachment, and some seemed glad of an 
opportunity to talk about their industrial problems 
with technologists from the world from which they had 
been cut off for so many years. 


Several underground refineries had been substantially - 


completed and were about ready to start operation when 
the war ended, the group’s investigation has revealed. 


3597 


Their construction and location were discovered in 
captured enemy documents months before, but various 
uncertainties made it difficult for the allies to determine 
the productive capacity of these refineries. Built in 
caves, abandoned mines, and other natural and man- 
made shelters, they were difficult targets from the air 
and the only alternative was to destroy the railroads 
upon which they were dependent for raw materials. 


e@ “This war—any war—does not add to the stockpile 
of fundamental knowledge, but instead depletes that 
stockpile,” Dr. Howard E. Fritz, director of research of 
the B. F. Goodrich Company, told a conference re- 
cently. 

The spectacular advances made in the art of war, he 
declared, are due ‘‘not to new research, but to the ac- 
cumulation of knowledge over many generations.”” He 
indicated that while the impact of the war has ac- 
celerated many scientific developments to maturity, 
the new knowledge that made them possible was 
attributable to an increase of more than 600 per cent in 
industrial research activity in the United States—from 
approximately 300 industrial research laboratories in 
1920 to more than 2200 in 1940. 


, 


e@ ‘The Forest Industries Blaze New Trails,’ a bro- 
chure just published by the Timber Engineering Com- 
pany, Washington, D. C., recites the long story of 
wood’s usefulness to man, describes the current tech- 
nological developments of wood as an engineering 
medium, and as the raw material of plastics and 
chemicals, and heralds the dawn of a new Age of Wood 
with limitless horizons for America’s greatest, renew- 
able, natural resource. 

Wood, the book holds, is capable of being made the 
most universally useful of all industrial materials. It 
predicts that the winner of the ‘‘Battle of the Giants’’ 
in the next quarter century will be determined largely 
by science and the laboratories in mastering the myster- 
ies of cellulose and lignin, that little known substance, 
nature’s adhesive which holds together the fibers in a 
tree. 
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The threat of rising prices, which springs from the gap between buying power and 
the supply of civilian goods, will be a danger until a peacetime balance between supply 
and demand is regained. The objective of the Planned Spending and Saving program 
is to urge every American citizen during this period to spend his money carefully and 


to save regularly so that he will be able to: 


1. Play his part in the fight against inflation. 
2. Bein position to buy the things he really wants and needs later when they are 


available. 


3. Contribute to postwar prosperity and thus increase his own chances of a good 
job by being able to spend when spending will stimulate business. 





—— 


JAMES R. WEST! 
Mellon Institute of 


Industrial Research, 


. Pittsburgh, Pennsylvania —..... 2. sepa Se we 


FULLER’S EARTH READY FOR MINING 


DSORPTION, while known for a long time, is 
difficult to define properly and to differentiate 
from absorption. 

It is an established fact that an evacuated solid will 
take up part of a gas or vapor in contact with it. At 
constant volume, the pressure in the system will fall; 
at constant pressure, the volume will shrink. If the 
molecules from the gas phase enter the inside of the 
solid, the phenomenon is designated absorption; if, 
however, the molecules remain attached to the surface 
of the solid, that occurrence is called adsorption. This 
definition of adsorption was first given by H. Kayser at 
the suggestion of E. du Bois-Reymond in 1881.? Prior 
to that time both phenomena were named absorption. 
Quite frequently the two effects take place together, 
and the term sorption, introduced by J. W. McBain in 
1909, is used to describe the joint result. The solid 
phase is known as the adsorbent, and the gas or solute 
molecule attached to the surface of the solid is named 
the adsorbate. This precise demarcation is often 
difficult or impossible to apply experimentally, but no 
better one has been advanced. 

The history of adsorption is as old as the greater part 
of chemistry itself. C. W. Scheele, in 1773, and the 
Abbé F. Fontana, in 1777, investigated the uptake of 
gases by charcoal; and T. Lowitz, in 1785, discovered 
that charcoal took the coloring matter out of certain 
"1 Industrial Fellow, Multiple Industrial Fellowship of the 
Texas Gulf Sulphur Co., Mellon Institute, Pittsburgh, Pennsyl- 
wnt BRUMAUER, S., “The Adsorption of Gases and Vapors,” 


Princeton University Press, 1943, p. 3. 
3 BRUNAUER, 6&., tbid. 


Courtesy of Attapulgus Clay Co. 


solutions.‘ The industrial use of adsorption followed 
rather quickly. In 1794 an English sugar refinery em- 
ployed charcoal to remove color, one of the first times 
that adsorption was applied as a chemical engineering 
unit operation. In 1812 bone char was introduced in 
the refining of cane sugar, and the bulk of our cane 
sugar is still refined by percolation through bone black. 
Today adsorption is used in many industrial processes, 
unfortunately in empirical ways in many cases. 


THEORETICAL CONSIDERATIONS 


According to Brunauer,’ if a gas molecule remains on 
the surface of a solid, there may occur a weak interaction 
between solid and gas, like a condensation, or a strong 
interaction, similar to a chemical reaction. The former 
is called physical adsorption; the latter, chemical ad- 
sorption or chemisorption. Adsorption from solution 
may become even more complicated. 

Much of the study of adsorption has been devoted to 
equilibrium conditions. One of the most popular, al- 
though empirical, equations is the one attributed to 
Freundlich. It is x/m = ac!/n, Langmuir’ evolved 
an equation based on theoretical grounds that has been 
very valuable. Gibbs* in 1874 proposed an isotherm 
based on thermodynamic reasoning, but it has been of 
little use because of the lack of knowledge about the 





4McBain, J. W., “The Sorption of Gases and Vapors by 
Solids,’? George Routledge and Sons, Ltd., London, 1932, p. 1 

5 Op. cit., p. 4. 

6 McBain, J. W., op. cit., 

7 LANGMUIR, L., J. Am. ro Soc., 38, 2267 (1916). 

8 Grsss, J. W., ‘‘The Collected Works of J. Williard Gibbs,”’ 
Longmans, Green and Co., New York, 1928, p. 232. 
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Ccurtesy of Floridin Co: 


A NaturAL GAs DEHYDRATOR 


surface tension at an interface of a solid and a liquid. 
Other equations, both theoretical and empirical, have 
been proposed by Williams and Henry, Magnus, 
Polyani, McGavack, Patrick, and many others. 

Equilibrium is always of importance to the chemical 
engineer because it is a limiting condition in the design 
of equipment. Isotherms, however, indicate only a 
relation between the adsorbate concentration in the 
adsorbent and the adsorbate concentration in the fluid 
phase at one temperature. 

Temperature, in many cases, has a profound effect 
on the nature of sorption. In the instance of gases 
much greater adsorption occurs at low temperatures. 
The values of both a and m in the Freundlich equation 
diminish continuously with rise of temperature, 
tending toward the value of unity, so that the sorption 
is more nearly proportional to the pressure. In sorp- 
tion from solutions, however, the effect of temperature 
is often different and may be in the opposite direction. 
Where the amount adsorbed is expressed as a function 
of the temperature with the pressure or concentration 
kept constant, an adsorption isobar is obtained; where 
the pressure or concentration is defined as a function of 
the temperature with the amount adsorbed kept con- 
stant, an adsorption isostere results. 

The rate of adsorption, particularly in the case of 
physical adsorption, has been shown to be extremely 





® BRUNAUER, S., op. cit., pp. 84-139. 











Courtesy of Carrier Corp. 
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rapid, so speedy in fact that it often cannot be measured. 
Brunauer”® has pointed out that all adsorption processes 
are spontaneous and result in a decrease of the free 
energy of the system. It has likewise been demon- 
strated that a decrease in entropy accompanies the 
adsorption process. From these two findings the ther- 
modynamic equation 


AH = AF+ TAS 


indicates that the heat of an adsorption process is 
exothermic, as has been proved experimentally. There- 
fore, in the use of an adsorbent on a large scale, the re- 
moval of heat may be a problem for the chemical engi- 
neer. 


CALCULATIONS 


There are several practical’ ways in which an ad- 
sorbent may be utilized and for some of these proce- 
dures the results to be expected are easily calculated. 

The simplest application of adsorption is a process 
involving a single batch treatment. The equipment 
consists of a mixing tank and a filter. The solution 
and adsorbent, in powdered form, are mixed for a 
definite length of time and filtered. This process is 
wasteful of adsorbent, but is often adopted because of 


0 Op. cit., p. 5. 
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the low cost and the simplicity of the equipment. A 
typical calculation of this type is given in the treatise of 
Walker, Lewis, McAdams, and Gilliland.11 More 
solution, however, may be purified to the same extent 
by the use of an adsorbent in several equal portions. 
This type of calculation, representing a more efficient 
use of the adsorbent, is presented in Perry’s Hand- 
book.}” 

Where the adsorbent is of a granular nature, the gas 
or solution is usually percolated through a bed of the 
material. Such an operation involves an unsteady state 
condition which renders calculations, on a theoretical 
basis, almost impossible at the present extent of our 
knowledge. Nevertheless a few generalizations may be 
made. The limit of the adsorption is the equilibrium 
condition. The capacity of any industrial system is de- 
pendent on the rate of exchange of adsorbate from one 
phase to the other. The equilibrium conditions and the 
rate of transfer are affected by a number of variables, 
such as the nature of the adsorbent and the adsorbate, 
temperature, pressure or concentration, viscosity, and 
time of contact. 

In 1916 W. K. Lewis'* proposed the following equa- 
tion for adsorption in a tower: 


de _ Xo + pc\" _ 

at = +[ ( a ) c] 

C=C dc _ 
f met oc\e_ 

ny 


concentration of adsorbate in fluid 
concentration of adsorbate in solid 
constant in Freundlich isotherm 
constant in Freundlich isotherm 
fluid per unit amount of adsorbent 
time 

constant 


or 


where 


erFD PARKS 
au ieou dl 


In this equation Lewis limited himself to a Freundlich 
type of equilibrium. 

Hitchcock and Robinson™ derived an equation of 
continuity for this process, as follows: 


oy ox oz 


where 
u = fluid velocity 
¥y = concentration of adsorbate in fluid 
z = concentration of adsorbate in solid 
x = bed height 
@ = time 
a = volume of fluid per unit length of bed 


volume of solid per unit length of bed 


11 WALKER, LEw1s, McADAMS, AND GILLILAND, ‘“‘Principles of 
Chemical Engineering,’’ 3d Ed., McGraw-Hill Book Co., Inc., 
New York, 1937, p. 508 ff. 

12 Perry, J. H., editor, ‘‘Chemical Engineers’ Handbook,” 
2nd Ed., McGraw-Hill Book Co., Inc., New York, 1941, p. 1245. 

18 Lewis, W. K.., ‘‘The principles of countercurrent extraction,’ 
Ind. Eng. Chem., 8, 827 (1916). 

14 HiTcHcocK, F. L., AND S. M. Rosrnson, “‘Differential Equa- 
tions in Applied Chemistry,’’ John Wiley and Sons, Inc., New 
York, 1923, pp. 81f. 


JourNAL OF CHEMICAL EpucaTION 


This equation has proved too difficult to combine with 
the experimentally determined equilibrium isotherms 
for integration. 

In recent years work on the subject has been carried 
on in the Chemical Engineering Department of the 
University of Pittsburgh under the guidance of Dr. 
James Coull. There Engel’® has studied the adsorption 
of chloroform vapor from air, developing a probability 
approach to the problem. Both Friend’® and Tesi!’ 
have investigated the adsorption of phenol from solu- 
tion. Tesi has applied Furnas’ analysis of heat transfer 
from a gas stream to a bed of broken solids. West'* has 
done research on desorption of oxalic and acetic acids 
by water from adsorbent beds. The correlation of these 
doctoral dissertations by another investigator promises 
to lead to some explanation of the problem. 

More efficient use of an adsorbent can be obtained 
by using more than one column. By connecting several 
columns in series and rotating the solution inlet and 
outlet from column to column as the exhausted ad- 
sorbent is removed from the line and a fresh percolator 
inserted, an approach to continuous countercurrent 
operation can be made. The most efficient use of the 
adsorbent could be obtained by passage of the ad- 
sorbent countercurrent to the fluid, but it is a rela- 
tively difficult matter to move solids about, so that true 
countercurrent operation is not encountered. The type 
of calculation required for continuous countercurrent 
adsorption is also illustrated in the text by Walker, 
Lewis, McAdams, and Gilliland.” 


MANUFACTURE OF ADSORBENTS 


An industrial granular adsorbent, in order to be 
economically applicable in percolation, must be hard so 
that it can be handled readily without much loss. In 
addition, it should have good density and high adsorp- 
tive capacity, and be readily reactivated. A powdered 
adsorbent need only possess a good adsorptive capacity. 

Adsorbents have been made in a number of different 
ways. The most widely used and best known products 
are the carbonaceous adsorbents in which carbon is the 
active ingredient. Other industrial adsorbents in- 
clude silica gel, activated alumina, fuller’s earth, clays, 
and magnesia. With a few exceptions these noncarbon- 
aceous adsorbents usually are manufactured by simple 
calcination of the raw material. Very fortunate indeed 
is the producer of carbonaceous adsorbents who can 
render his product active by simple heating in the ab- 
sence of air. Bone char is about the only industrial 
carbonaceous adsorbent in wide use that is rendered 

15 ENGEL, H. C., AND J. Coutt, ‘‘Adsorption studies of vapors 
in carbon-packed towers,” Trans. Am. Inst. Chem. Eng., 38, 947 
(1942). 

16 FRIEND, L. L., ‘‘The Flow Kinetics Involved in the Adsorp- 
tion of Phenol by Activated Carbon,’’ doctoral dissertation, 
University of Pittsburgh, 1942. 

17 Tesi, A. F., ‘‘Kinetic Studies of the Adsorption of Phenol 
by Activated Carbon in Packed Towers,” doctoral dissertation, 
University of Pittsburgh, 1943. 

18 West, J. R., ‘‘Desorption of Oxalic and Acetic Acids from 
Charcoal Beds,” doctoral dissertation, University of Pittsburgh, 


1944. 
Op. cit., pp. 508 f. 
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active during the calcination of the raw material. It 
has been made in large vertical retorts through which 
the charge took 36 to 48 hours to pass. At least one 
manufacturer is now using continuous, horizontal, 
rotary retorts through which the charge travels in 
approximately an hour. 

Coconut shell charcoal, which is widely used for sol- 
vent recovery and for industrial and military gas masks, 
requires a more complicated method of production. 
The shells are first carbonized, the residue being in- 
active; but upon treating this residue with steam at an 
elevated temperature the carbon becomes active as an 
adsorbent. Other methods have been followed suc- 
cessfully in the art. One involves a partial oxidation of 
the carbon with air instead of steam; another depends 
on the presence of a chemical, such as zine chloride. 


INDUSTRIAL APPLICATIONS 


Adsorbents are used technologically for purificational 
and recovery purposes and as catalysts. Hassler? 
lists a few of the applications of activated carbons. 
The petroleum industry has used bone black, silica gel, 
fuller’s earth, and activated alumina as adsorbents. 
Recent attempts to introduce activated alumina, pre- 
pared by the calcination of selected bauxite, as a 
granular adsorbent in sugar refining have not been suc- 
cessful thus far owing, primarily, to inadequate hardness. 
Adsorbents have been employed as catalysts in the 
production of sulfur from hydrogen sulfide, in the air 
oxidation of nitrous and nitric oxides, and in the 
chlorination of hydrocarbons. 

In closing this general article it is well to emphasize 
that adsorption is no cure-all for production problems, 


~ 20 HASSLER, J. W., ‘‘Active Carbon, The Modern Purifier,” 
Githens-Sohl Corp., New York, 1941. 
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Courtesy of Revere Sugar Refinery 
On Top OF THE BONE CHAR PERCOLATORS FOR SUGAR PURIFI- 
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but, properly understood and used, that it can be an 
effectual and economical unit operation in many in- 
dustrial processes. 
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IONIZATION POTENTIALS IN ELEMENTARY CHEMISTRY 
(Continued from page 395) 


volumes are smaller than would have been the case had 
the rare earth interlude not occurred. This contraction 
in volume occurring in the rare earth series is com- 
monly called the lanthanide contraction. 

Students who have been trained to utilize ionization 
potential data in predicting the nature of the bonds 
formed between atoms begin their study of organic 
chemistry with an appreciation of the fact that the 
valence bonds of the carbon atom .must almost in- 
variably be covalent in nature. This truth, coupled 
with the fact that only carbon, of all the known ele- 
ments, possesses in its normal covalent state a com- 
pletely shared octet of electrons which cannot be ex- 
panded, accounts for the low reactivity of the carbon- 
to-carbon bond, and therefore the unique position of 
that element in the organic world, not as a whim of 
nature, but as a logical consequence of the electronic 
configuration of carbon. 

Students who understand the relationship between 
the properties of a molecule and the nature of the bonds 
existing between its atoms are quick to perceive that 


many of the so-called ‘‘differences between typical 
organic and typical inorganic compounds’”’ are actually 
merely the differences between nonpolar covalent com- 
pounds, on the one hand, and ionic compounds on the 
other. This knowledge is particularly useful in that it 
simplifies the problem of accounting for those many 
cases in which organic compounds depart from the 
“typically organic’”’ behavior. The ability to interpret 
ionization potential data likewise provides the student 
in organic chemistry with a starting point in an ap- 
proach to the understanding of the electron displace- 
ments (J and 7) which are all important in determining 
both the physical and chemical properties. 

The points which have been made in this discussion 
illustrate but do not exhaust the application of ioniza- 
tion potential data in the teaching of inorganic chem- 
istry. In conclusion, the authors would reiterate their 
conviction of the desirability of incorporating develop- 
ments in theory of matter into the elementary chem- 
istry course. It is only by so doing that the teacher can 
justify his claim to be teaching a science. 





Quizzes to Encourage Preparation for Lectures 


WILLIAM E. MORRELL 


University of Illinois, Urbana, Illinois 


OME instructors use the lecture method of teach- 

ing through choice. Other sresort to it through 
necessity. If for any reason relatively few qualified 
instructors are available to teach relatively large 
groups of students, recourse to the lecture method is 
almost inevitable. If the lecture sections are large, 
one advantage of this method of teaching is financial 
economy. 

On the other hand, the method does have disad- 
vantages, which are sufficient to give rise to the oft- 
repeated definition of the lecture method as ‘‘a way of 
teaching whereby the material goes from the notebook 
of the professor into that of the student without pass- 
ing through the mind of either.’’ The instructor does 
the work and the student need do nothing, though he 
usually does take voluminous notes. 

One usual attempt to minimize the disadvantages of 
the lecture method is to split the large lecture section 
into smaller supplementary discussion groups. Fre- 
quently the resulting discussion is confined to the sub- 
ject matter of the lecture, through choice of either the 
leader—often a senior or graduate student—or the 
students. The “discussion” may even be a mere 
repetition of the lecture. 

The lecturer commonly feels that his lectures should 
be thorough and complete, and that he should organize 
the material for the students. The students in turn de- 
pend upon him to do so. They find that he does discuss 
the important topics (judging by his examinations). 
They find that studying the textbook is both boring 
and unnecessary, since it contains the same material 
as is presented in lectures (and attendance at lectures is 
compulsory). Reading the text may even be con- 
fusing, as the book includes many extra details, which 
will probably not be needed for examinations. Thor- 
ough study (memorizing?) of lecture notes the night 
before an examination is the best way to prepare for 
the test, judging by common practice (in which the 
writer also indulged). Students finally take the atti- 
tude—and the lecturer tacitly agrees—that ‘‘if it 
wasn’t said in lecture it isn’t fair to ask it in exams.” 

In an attempt to overcome some of the weaknesses of 
the usual lecture system, the writer tried an expedient 
which, while no cure-all, did yield beneficial results. At 
the beginning of the 1944 Summer Semester at the 
University of Illinois, the 100 students in his lecture 
section in elementary chemistry were urged to study 
the textbook consistently and thoroughly during the 
term, and to study each assignment before going to the 
corresponding lecture. It was pointed out that the 
lecture should then be much more understandable and 


profitable. The lecturer announced that he would 
assume that the students had studied the assignment, 
and he would make no effort to repeat or abstract the 
text, or to discuss all important topics. Rather, he 
would supplement the text or discuss important topics 
which he deemed difficult. He would practically ignore 
the easier material adequately discussed in the text- 
book.! In examinations students would be held for 
material assigned, whether discussed by the lecturer or 
not. During each lecture a definite assignment would 
be made for the next lecture. To encourage the recom- 
mended study of these assignments, the students were 
warned to expect a quiz at the beginning of any lecture 
period. The quiz would be limited to the current assign- 
ment, and would include questions specifically dis- 
cussed in the assigned readings. The attempt would be 
made to make the questions difficult to answer merely 
on the basis of knowledge the student might already 
possess, but relatively easy if the assignment had been 
carefully studied. These quizzes would not take the 
place of the usual examinations, but they would be in- 
cluded in the determination of the semester’s grades. 

Eight such quizzes were given during the semester. 
Two are reproduced here. All were constructed so as to 
require relatively little time for administration and for 
grading. They were mimeographed, and were graded 
with stencils. Subtraction for incorrect answers was 
not deemed worth while, the number of correct re- 
sponses being accepted as the student’s score. 

The course in which these quizzes were given was 
outlined for students who had had no chemistry in high 
school, but to the class were also assigned individuals 
who had taken high-school chemistry but remembered 
little of it, according to placement test scores. 

Atomic structure was to be the subject of the fourth 
(out of a total of 29) lecture of the semester. For it, 
pages 13 to 35 in the text (Hopkins, ‘‘General Chemistry 
for Colleges,’ 3rd Edition, Heath, 1942) had been 
assigned. At the beginning of the hour, Lecture Quiz 
No. 2 was given. (The average grade on it was 5) 
per cent.) 

Electrolysis was to be discussed in the 15th lecture 
and discussion of the chemistry of chlorine was to be 
started, to be continued in the succeeding lecture. For 
the 15th lecture, textbook pages 243 to 252 (electrolysis) 
and the entire chapter on chlorine—pages 194 to 209— 
had been assigned. Quiz No. 6 was given at the begin- 
ning of the hour. (The average grade was 66 per cent.) 





1 Dr. John C. Bailar, Jr., suggested the plan of marking such 
topics with an asterisk in the lecture outline written on the black- 
board. 
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LECTURE QUIZ NO. 2 


Answer each of the following questions by blackening in the 
list at the right the letter which corresponds to the one best answer. 


1-3. For purposes of comparison, Hopkins states 
(page 16) that a neutron, like a hydrogen atom, 


“may be thought of’’ as being ‘‘composed of a 
single proton and a single electron.’’ He states 


further that the weights of the hydrogen atom 

and neutron (a) are equal, (b) differ slightly, (c) 

differ greatly; 

that the radii of the hydrogen atom and neutron 
(a) are equal, (b) differ slightly, (c) differ greatly; 
and that the chemical behaviors of the hydrogen 
atom and neutron (a) are identical, (b) differ 
slightly, (c) differ greatly. 

4. Two isotopes differ from each other (a) in chem- 
ical properties, (b) in arrangement of valence 
electrons, (c) in their masses, (d) in none of these 
respects. 

5. ' Two isotopes differ from each other in that they 
contain different numbers of (a) neutrons, (b) 
protons, (c) electrons, (d) none of these. 

6. Two isotopes differ from each other in (a) atomic 
number, (b) atomic weight, (c) both atomic num- 
ber and atomic weight, (d) neither atomic num- 
ber nor atomic weight. 

7. Isotopes are (a) atoms of elements adjacent to 
each other in the periodic table, (b) atoms of ele- 
ments in the same column in the periodic table, 
(c) atoms of the same element. 

8. If 10.000 grams of hydrogen were converted into 
helium, the resulting helium would weigh (a) 
about 9.93 grams, (b) about 40 grams, (c) about 
4.003 grams, (d) 10.000 grams. 

9. The nucleus of an atom contains (a) all, (b) most, 
(c) exactly half, (d) very little, (e) none of the 
total mass of the atom. 

10. The nucleus of an atom occupies (a) practically 

all, (b) slightly more than half, (c) exactly half, 
(d) almost half, (e) very little of the total space 
occupied by or enclosed within the atom. 











abe 


abe 


abe 


abcd 


abcd 


abcd 


abe 


abcd 


abcde 


abcde 


LECTURE QUIZ NO. 6 


Answer each of the following questions by blackening in the 
list at the right the letter which corresponds to the one best answer. 


1. Chlorine gas was first prepared by (a) Boyle in 
1660, (b) Scheele in 1774, (c) Sir Humphry 
Davy in 1810, (d) Mendeleeff in 1869, (e) Nel- 
son in 1916. 

2. As found in nature, chlorine is the neutral 
element (a) always, (b) usually, (c) occasion- 
ally, (d) never. 

3. The usual commercial method for the pro- 
duction of chlorine uses which of the following 
as a raw material? (a) HCl, (b) AgCl, (c) 
KMnOQ,, (d) NaCl, (e) none of these. 

4. The usual commercial method for the produc- 

tion of chlorine yields which of the following as 

a valuable product (in addition to chlorine)? 

(a) NaCl, (b) NaOH, (c) MnO, (d) MnCh, 

(e) none of these. 

The usual commercial method for the produc- 

tion of chlorine also yields which of the follow- 

ing asa product? (a) Ne, (b) He, (c) NazSO,, 

(d) SOs, (e) none of these. 

6. The usual commercial method for the produc- 
tion of chlorine utilizes which of the following 
processes? (a) distillation, (b) neutralization, 
(c) electrolysis, (d) hydrolysis, (e) none of 
these. 
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Chlorine is not used for which of the following 
purposes? (a) production of refrigerants, (b) 
production of bromine, (c) purification of drink- 
ing water, (d) bleaching of wood pulp and 
fabrics. (e) It is used for all of the above pur- 
poses. 

8. At an electrode called an anode the type of 
reaction that occurs is (a) oxidation, (b) reduc- 
tion, (c) oxidation and reduction, (d) neither 
oxidation nor reduction. 

9. A certain quantity of electricity, in flowing 
through an electrolysis cell, reduces 107.88 
grams of silverion tosilver. (Ag*t + e~ = Ag.) 
(Silver is atomic number 47 and has atomic 
weight 107.88.) The same quantity of elec- 
tricity would reduce how many grams of alum- 
inum ion to aluminum? (Al**+* + 3e7 = Al.) 
(Aluminum is atomic number 13 and has atomic 
weight 26.97.) (a) 13, (b) 26.97, (c) 107.88, (d) 
8.99, (e) 35.96, (f) 80.91. 

10. The same quantity of electricity (as in No. 9) 
would yield how many liters of hydrogen gas (at 
S.T.P.) by reducing hydrogen ion to hydrogen 
gas? (2H+ + 2e- = He.) (a) 1, (b) 2.016, (c) 
22.4, (d) 44.8, (e) 11.2, (f) 107.88. 


Ni 
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In each case every question could be answered 
on the basis of information contained in the assignment. 

For the most part, it was attempted to make the 
items straightforward and to avoid ‘“‘trick” questions. 
In general, the effort was made to have questions con- 
cern relatively important topics and not insignificant 
details. However, questions were asked about smaller 
details than would ordinarily be included in the usual 
examinations in the course. Purposely included in the 
lecture quizzes were items which would require very 
careful study of the assignments, and it was hoped that 
relatively few of the questions could be answered on 
the basis of information previously possessed by the 
students concerned. It should be emphasized that the 
principal aim of these quizzes was to encourage con- 
sistent and careful study of assignments before the cor- 
responding lectures. 

Each quiz delayed the start of the lecture from 12 to 
15 minutes. This delay included the time taken by 
students in scattering to alternate seats. (Two ver- 
sions of each quiz could have been provided, mimeo- 
graphed on two different colors of paper and distributed 
alternately to the students in their regular seats.) 

The writer believes that the time taken from lectures 
and the time consumed in composing and grading the 
quizzes was well spent. The graduate students assist- 
ing in the course agreed. Instructors and students all 
agreed that the quizzes considerably increased the 
amount of student preparation for lectures—and that 
is what they were designed to do. 

While attendance at lectures had previously posed no 
particular problem, it is of interest to note that there 
were comparatively few absences in this section. It 
was announced that each student’s one lowest lecture 
quiz score would be eliminated from consideration in 
determining the student’s final grade. A quiz missed 
would be scored zero (no provision was made for make- 


(Continued on page 405) 
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( eon May-June Dupont Magazine (E. I. du Pont de 
Nemours & Company, Wilmington, Delaware) 
describes and discusses a varied array of Du Pont 
products, among which are rayon, nylon, military ex- 
plosives, neoprene, DDT, plastics, refrigerants, tetra- 
ethyl lead, and ammonia. It is well illustrated, partly 
in colors. 


The June Crown (Crown Cork and Seal Company, 
Box 1837, Baltimore 3, Maryland) has some pictures 
and description of the FBI crime detection laboratory, 
now 12 years old. Some of the methods used are illus- 
trated. Elsewhere is an interesting historical article, 
“Milk through the ages.” 


The Hercules Chemist (Hercules Powder Company, 
Wilmington, Delaware) is somewhat more technical 
than the average trade periodical and No. 14 contains 
sound information on a number of Hercules products, 
nitrocellulose lacquers, chlorinated paraffins, pine oils, 
glycol ester resins, etc. 


From the June Industrial Bulletin of Arthur D. Little, 
Inc. (Arthur D. Little, Inc., 30 Memorial Drive, Cam- 
bridge, Massachusetts), we quote the following: 


FOR BEINGS ANIMALCULOUS 


An insect’s lot is an increasingly unhappy one. Two years ago 
DDT, a synthetic chemical whose lethal effect on insects could 
not have been predicted, was hailed as the wonder insecticide. 
Now another unexpected chemical insect killer, variously called 
“‘Gammexane,’’ benzene hexachloride, and ‘‘666,’’ has been an- 
nounced. According to preliminary reports, it promises to equal 
or better DDT for some applications and on weevils is five times 
more effective. 

The insecticidal properties of this long-known chemical were 
discovered by Imperial Chemical Industries in England during 
an extensive search for a rotenone replacement. In 1942, benzene 
hexachloride was found to kill the turnip flea beetle. In further 
tests, however, its behavior was spotty—sometimes it was 
effective, sometimes not. The answer came a year later when the 
dynamite was identified as the so-called gamma isomer of benzene 
hexachloride, a form of the chemical, normally present only in 
amounts ranging from 10 to 12 per cent. When isolated, the 
gamma isomer, ‘‘Gammexane,”’ proved the most toxic compound 
to weevils ever tested by that company. 

The new insecticide has much in common with DDT. Itisa 
synthetic organic compound produced by chemical reaction. It 
is also a white solid, practically insoluble in water but readily 
dissolved in alcohol, acetone, and many other organic solvents. 
It is reported to be exceptionally stable to acids and high tem- 
peratures, but decomposes in the presence of lime or other caustic 
alkali at temperatures as low as 60°F. This may be a drawback 
in some instances, since lime is frequently used as the inert in- 
gredient in insecticide dusts. Although there are other inert in- 
gredients which might replace lime in a ‘“Gammexane”’ dust, the 
presence of lime from other sources could not easily be controlled. 
Thus on fruit crops where more than one type of spray is used in 
a season, lime in one spray might diminish the effectiveness of 
previous or subsequent ‘“‘“Gammexane” applications. DDT’s 
cardinal advantage is its long life. ‘‘Gammexane’’ is claimed to 
have great stability to the atmosphere, but there is no definite 
indication as to how it measures up to DDT, which in some uses 
lasts several months. 


It is apparently effective against almost the same insects as 
DDT, but in laboratory and field tests less seems to go farther. 
For instance, in one test, a 0.01 per cent solution of ‘‘Gammexane’’ 
killed 73 per cent of a known number of flies, whereas a 0.02 per 
cent DDT solution killed only 51 per cent. In another test, 
when scattered at the rate of one-half pound per acre, it killed 97 
per cent of the yellow-fever mosquito larvae in two days and 100 
per cent in three days; this compared with a 43 per cent kill in 
two days and 97 per cent in three days with the same amount of 
DDT. ‘Gammexane”’ kills a wide range of insects, including 
mosquitoes, grasshoppers, cockroaches, lice, and mites, the lethal 
dose varying with the insect. Like DDT, the new material is 
fatal to the bee, which helpfully pollinates fruits and flowers. 

“Gammexane’”’ is a triple threat. If an insect touches it, eats 
it, or breathes it, his life is over—at least in a few hours. It can 
be sprayed in a kerosene solution or a stable water emulsion, or 
used as a dust. Its high-temperature stability also permits its 
use as a fumigant by conversion to a vapor on a hot plate. Ac- 
cording to available information, it is not a menace to the user, 
but has proved extremely toxic to fish. 

Although only recently announced, ‘““Gammexane’’ has been 
in experimental and commercial use in England since 1943. Pre- 
sumably it will eventually be available in this country. 


A number of the oil periodicals are becoming distinctly 
air minded. The June Ethyl News (Ethyl Corporation, 
405 Lexington Ave., New York, New York) is one of 
these, with a lead article discussing postwar private 
aviation and the various plane models which are on the 
way to appearing. Another well-illustrated article, 
“Oil at Iwo Jima,” shows a number of the ways in which 
petroleum and its many products contributed to the 
successful invasion of that island. 


For those interested in the chemical aspects of oil 
technology, an article on gasoline blending in the June 
Pure Oil News (Pure Oil Company, Chicago 1, Illinois) 
will be worth while. 


Prospecting for oil has always been an adventurous, if 
important, occupation, and the efforts to make such 
prospecting more scientific are an interesting part of the 
story of the petroleum industry. ‘Finding oil by 
science,” in the spring, 1945, Standard of California 
Bulletin (225 Bush St., San Francisco, California) tells 
some of this story. 


Shell News (Shell Oil Company, 50 West 50th St., 
New York 20, New York) for May, 1945, describes 
catalytic cracking in words of one syllable, in an article 
entitled “‘Magic powder.” It also goes into some of the 
other functions of catalysts, such as antioxidants. 


Not to be outdone by 50 per cent of the other trade 
periodicals, The Glass Lining (Pfaudler Company, 
Rochester 4, New York) in its spring issue leads off with 
a nicely illustrated account of the production and use of 
penicillin. It follows, in more original and no less 
interesting vein, with one on the quality of ice creams 
especially as influenced by fruits, flavors, nuts, and 
colors. Some good suggestions are given on the treat- 
ment and handling of such materials. 


404 





up q 
final 
woul 
100 : 
been 
quizz 

Th 
by tk 
They 
pare 
that | 
aren’! 
and s 
ask t 
The y 
mini 








S as 
her. 
ne”’ 
per 
est, 
197 
100 
1 in 
t of 
ling 
thal 


1 is 
ats 


, or 
its 
Ac- 
ser, 


Ben 
re- 


tly 
mn, 


ite 
he 
le, 
ch 
he 


Is 











Aucust, 1945 


“COs, the gas that fights fire,” is more than half of the 
May-June number of Oil-Power (Socony-Vacuum Oil 
Company, 26 Broadway, New York, New York). - 


The following is taken from the spring, 1945, Milvay 
Notebook (Chicago Apparatus Company, Chicago 22, 
Illinois) : 


WHAT MAKES AN APPLE “‘BLUSH’’? 


Nitrogen fertilizer fed to an apple tree results in redder apples, 
say men who ought to know . . . and the same fertilizer imparts a 
healthy, dark green color to the leaves. It follows, then, that be- 
fore the apple has developed, you can tell about how red it will 
be by the shade of green in the apple tree leaves. 

Careful laboratory studies were made at Cornell University 
on this theory by collecting midsummer leaves from trees under 
different nutritional conditions. With a spectrophotometer to 
collect data, a New York Research Corporation prepared a set of 
seven printing inks carefully compounded to simulate the colors 
in the various leaves. A chart was then made reproducing the 
various colors of leaves. Now an apple grower can hold sample 
leaves from his trees alongside the chart and determine whether 
or not the trees are getting the right amount of nitrogen nutrition. 

It is also said that a high amount of nitrogen nutrition pro- 
duces larger apples but of poor color, so the proper balance be- 
tween size and color is sought. What’s it all about? Well, 
everybody knows that a beautiful red apple looks more delicious 
and hence sells more readily. 


Nearly every first-year student of chemistry knows 
that germanium was one of the metals predicted by the 
Periodic Table, but a lot of other information about this 
metal which few students are likely to know will be 
found in a good account in the Monsanto Magazine 
(Monsanto Chemical Company, St. Louis, Missouri) 
for June, 1945. It tells how germanium is now being 
recovered a$ a by-product of zinc production and how 
the unusual properties of the metal are beginning to 
make it more than a mere rare curiosity. Elsewhere in 
the same issue ‘‘A Monsanto veteran reports’ on the 
many military uses of white phosphorus. This element 
is one of the most important contents of the Chemical 
Warfare soldier’s ‘‘bag of tricks.’’ 
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The Humble Way (Humble Oil and Refining Com- 
pany, Box 2180, Houston, Texas) makes its initial 
appearance with its May-June number. A feature is an 


account of the activities of the ‘“Mud engineer,’ who 
makes certain the drilling fluid meets specifications. 


The May number of What's New (Abbott Labora- 
tories, North Chicago, Illinois) starts off with an 
“Evaluation of skin disinfectants,” following with one 
on atmospheric pollen, ‘“‘What’s in the air today.” 
The usual collection of Paintings of Army Medicine 
this time has a distinctly laboratory and chemical 
twist, being devoted to the production of medical sup- 
plies. It contains some good pictures of glass blowers 
and laboratory technicians of various kinds. 


“Sohio’s fire-fighting tests arouse nationwide inter- 
est’’ aptly describes the content of one of the best 
articles in the June Sohioan (Standard Oil Company, 
Cleveland, Ohio). It describes how large oil fires were 
attacked by several extinguishing methods, with a 
comparison of results. 


The wartime need for concentrating on ‘‘first things 
first’ sometimes temporarily obscures the postwar 
significance of vital new developments, it is pointed out 
in the current issue of the Kelloggram (M. W. Kellogg 
Company, 225 Broadway, New York, New York). In 
a feature article on the hydroforming process of oil re- 
fining, this major development is examined from the 
viewpoint of its value to commercial production of 
gasoline for peacetime markets. 


Describing the efficiency of hydroforming in in- 
creasing the octane rating of low-quality naphthas, the 
article comments, ‘“‘It is one of the oddities of wartime 
that hydroforming, a vitally important development in 
oil refining, should first win national attention as a 
process for producing toluene for the government’s 
explosive program.” 


QUIZZES TO ENCOURAGE PREPARATION FOR LECTURES 
: (Continued from page 403) 


up quizzes), and could be the one not counted in the 
final average. But the zero for a second quiz missed 
would be included in the final average, Of the nearly 
100 students who completed the course, only one had 
been absent from more than one of these surprise 
quizzes. 

The students’ reactions to the quizzes were indicated 
by the plea of a group who talked with the instructor. 
They said: ‘‘We find that the quizzes help. We pre- 
pare more thoroughly for lectures, and we find that 
that does help in learning. However, since the quizzes 
aren’t given each time, we’re inclined to ‘take a chance,’ 
and sometimes come unprepared. We should like to 
ask that such a quiz be given every lecture period.” 
The writer pointed out that that would take nearly 15 
minutes from each lecture. The students replied em- 





phatically: ‘When we have studied the assignment, 
you can adequately cover more ground in the remaining 
35 minutes of lecture than you could otherwise cover in 
the entire 50 minutes. We believe the quizzes have been 
worth while as given, but we believe they would be still 
more worth while if given at the beginning of every 
lecture.”’ 

Whether or not the students were correct in their 
opinion,. the writer is not prepared to judge, as we 
haven’t tried giving a quiz at the beginning of every 
lecture. However, the original plan of frequently giv- 
ing surprise quizzes before lectures has since been tried 
and adopted by other members of the elementary chemis- 
try staff at the University of Illinois. They too have 
been pleased with the results, and the use of such quizzes 
has become an integral part of our instruction. 





The Absolute Calibration 
of Weights and Balance ! 
for Direct Precision Weighing 


WILLIAM MARSHALL MacNEVIN 
Ohio State University, Columbus, Ohio 


HIS paper describes a method of calibrating weights 
and balance so that the absolute weight of an object 
may be obtained by direct weighing. The limitations 
of the Richards (1) and modified Richards (2) methods 
are discussed, and it is suggested that students be 
taught a method that will be useful in all circumstances. 
Most students of chemistry learn the method of 
calibrating weights in which relative values are ob- 
tained. It is pointed out by numerous textbook writ- 
ers that relative values are sufficient for the larger part 
of chemical measurements in which ratios are obtained, 
as, for example, in analysis or in the determination of 
atomic weights. Widely recommended for this purpose 
is the calibration procedure of Richards based on the 
Borda method of weighing by substitution. 

Eventually the chemist meets the situation where he 
needs to know the absolute* weight of an object 
and he must change the method learned earlier. 
Hopkins, et al. (2), have modified the Richards method 
by introducing four standard weights, whose absolute 
values are known, among the weights to be com- 
pared. In this way the absolute values of the weights 
are obtained. Several textbook writers recommend 
the use of a single standard weight but as was pointed 
out by Hopkins, ef al., the tendency for the errors of the 
Richards method to become additive still remains 
unless several standard weights of maximum, mini- 
mum, and intermediate values are used. 

Even though the absolute values of the weights are 
determined it is necessary to weigh by substitution in 
order to obtain the absolute weight of an object. Of 
course, the absolute weight of an object might be ob- 
tained by direct weighing with weights calibrated in 
absolute terms provided one determined the ratio of the 
arms of the beam and applied the proper correction. 
Williams (3) has suggested that one determine the ac- 
tual weight difference corresponding to the deviation 
of the arm length ratio from unity and simply add or 
subtract the correction in milligrams. His method does 
not allow for the possibility that the arm length ratio 
may change with load although it could be easily 
modified to do so. 





* “Absolute’’ is used here in contrast to ‘relative’ weight, but 
it does not mean vacuum weight. It means the value given toa 
weight so that on applying the proper buoyancy correction, the 
vacuum weight in terms of the International Kilogram is ob- 
tained. 


CALIBRATION OF WEIGHTS TO WEIGH THE TRUE OR AB- 4 


SOLUTE WEIGHT OF AN OBJECT 


A third method, described below, which seems to | 
have been overlooked by textbook writers is to cali- | 
brate the weights to weigh directly the true or absolute | 
One suggestion of this has been | 


weight of an object. 
found in ‘“‘Scott’s Methods’ (4) but it is not discussed 
nor illustrated with the detail that has been frequently 
used in describing the Richards method. 

The calibration of a working set of weights includes 
the “‘proving’’ of the rider. Since most modern bal- 
ances have notched beams, it is necessary for precision 
weighing to determine the ‘‘effect’’ of moving the ridery 
from one notch to the next in terms of the absolutg 
weight balanced on the left pan. As will be seen, thg 
proposed method for calibrating the weights is a con 
tinuation of the procedure used to determine the 
“effect” of the rider. 

The following method of calibration of rider, notches, 
and weights assumes the possession of a primary or 


secondary standard set of weights whose values are | 


known in terms of the absolute standard of mass. It 
is described for a balance marked with 100 notches 
from the center to end knife edge and intended to carry 
a 10-mg. rider. Usually calibrations need be made 
only for the milligram notches and linearity can be 
assumed for the intermediate markings. The method 
of swings is used and the sensitivity of the balance at 
different loads must be known. 


CARE OF PRIMARY AND SECONDARY STANDARDS 


Since the possession and care of a set of standard 
weights is a necessary prerequisite, it is interesting to 
note the practice instituted and followed for many years 
by Professor C. W. Foulk and colleagues of the De- 
partment of Chemistry at The Ohio State University. 
The set of weights calibrated by the Bureau is the pri- 
mary standard of the laboratory and consists of one- 
piece gold-plated, whole-gram and platinum fractional 
weights conforming to class M specifications (with the 
exception of the 2-mg. weight). 

The box containing the primary set is kept in a tight 
cardboard box, sealed and stored in a safe. The com- 
bination of this safe is known only to members of the 
staff. The rule is followed that the weights are used 
only by one of the staff, and they are never allowed out 
of the sight of this person when out of the safe. A 
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careful record is kept of the day and hour of removing 
the weights from the safe, of the individual weights that 
are handled, and the date and hour of returning them 
o the safe. In addition, the outer box surrounding the 
weights is sealed with paper seals which are signed and 
dated. 

The primary set is used only for the calibration of two 
secondary standard sets, used in turn for the calibration 
of the numerous working sets of the laboratory. It is 
important to note that the secondary standards are 
compared with the primary standards by the method 


} of substitution rather than by the method described 


below for the calibration of a working set. 

Calibration of Rider and Notches. Place the rider on 
the zero notch and determine the rest point of the 
empty balance. Place the 1-mg. weight of the stand- 
ard set on the left pan, move the rider to the 1.0 notch, 
and redetermine the rest point. Calculate 


1. The ‘‘effect’’ of moving the rider in terms, of the absolute 
weight on the left pan. 

2. The correction that must be applied to the nominal value 
of the rider setting in order to give the absolute weight 
of the mass balanced on the left pan. 


Move the rider to the 2.0 notch and repeat the observa- 
tions. Table 1 gives a typical set of data. For con- 
venience in using the calibrations, prepare a graph 
‘howing the value of the correction as a function of the 
_ider position. Connect the points by straight lines. 


: TABLE 1 
CALIBRATION OF RIDER AND NOTCHES 
Left Pan Rider 
(Absolute weights Rider Rest Effect Correction 
in mg.) Position Point (Mg.) (Mg.) 
‘een 0.0 +0.5 ree wae 
0.997 1.0 +0.2 1.006 +0.006 
1.997 2.0 +0.8 1.988 —0.012 
3.002 3.0 +0.1 3.014 +0.014 
4.010 4.0 +0.2 4.019 +0.019 
5.009 5.0 +0.6 5.006 +0.006 
6.012 6.0 +0.4 6.015 +0.015 
7.002 7.0 +0.9 6.990 —0.010 
7.991 8.0 +0.2 8.000 0.000 
9.020 9.0 +1.2 8.999 —0.001 
10.003 10.0 +0.4 10.006 +0.006 


Sensitivity of balance used = 0.03 mg. per division of the pointer scale. 

When the sign of the correction is plus, the mass of the weight balanced on 
the left pan is greater than the nominal value of the rider by the amount 
indicated. When the sign is minus, the mass is less. 


Calibration of Weights. The weights are calibrated 
in a similar way. Since it is necessary to be able to 
move the rider in either direction, the Richards scheme 
of the ‘‘alpha” weight is used. Place a 5-mg. rough 
weight, the “‘alpha’”’ weight, on the left pan, set the 
rider in the 5.0 position and determine the rest point. 
Place the 10-mg. standard weight on the left pan, the 
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first 10-mg. weight of the set to be calibrated on the 
right pan, move the rider if necessary and redetermine 
the rest point. As before, calculate 


1. The absolute effect of the 10-mg. weight. 

2. The correction to be applied to the nominal value of the 
weight to give the absolute weight of the mass which it 
balances on the left pan. 


Table 2 shows typical data for several weights of a 
Set. 


MEANING OF WEIGHT CORRECTIONS 


The weight corrections are used in the customary 
way. Whether or not the rider corrections are neces- 
sary will depend on their magnitudes. For many bal- 
ances, it will not be necessary. Balance manufacturers 
make the claim that the notches can be placed more uni- 
formly than can be detected by measurements such as 
have been described. It has been observed, however, 
that the notches wear and corrode appreciably and in 
time such errors develop as are shown in Table 1. 

Attention is called to the practice followed by the 
Bureau (5) in reporting two sets of corrections for Class 
M weights. One set of corrections refers the weights 
to the International Kilogram. When these weight 
corrections are used and buoyancy corrections are to be 
calculated, the volumes of the brass weights are deter- 
mined and used for the whole-gram brass weights and 
the volume of the platinum weights calculated from the 
accepted density for platinum. The corrections of the 
second type given by the Bureau are called “‘apparent 
mass corrections” and are the corrections that would 
be found by comparison with brass standards of den- 
sity 8.4 g. per cm.’ at 0°C., in air whose density is 1.2 
mg. per ml. That is, the corrections for the fractional 
platinum weights are so calculated that the corrected 
value of the platinum weight is equal to the value of a 
brass weight which it will exactly balance in air. The 
practical consequence of this is that in the calculation 
of buoyancy corrections for a mixture of brass and 
platinum weights for which ‘apparent mass’ corrections 
are given, the platinum weights may be regarded as 
having the density of brass. “‘Apparent mass’’ cor- 
rections are therefore simpler to use. | 

The Bureau of Standards (6) publishes a table of 
“buoyancy reduction values” for converting the value 
of a weight based on the International Kilogram to the 
“apparent mass” basis. As an example of the magni- 
tude of this reduction value and the error that would 
result by neglecting it, the Bureau of Standards data 
give a buoyancy reduction value of +0.044 mg. for 
converting the value of a 500-mg. platinum weight 


TABLE 2 


CALIBRATION OF WEIGHTS 


Left Pan 
(Absolute weights Right Pan 
in mg.) (Weights from set) Rider 
nen ou 5.0 
10.003+a 10 5.Q 
10.003+a 10 5.0 
20.012+a 20 4.9 
49 .924+a 50 4.9 
100.123+a 100 5.1 





Absolute Effect Correction 
Rest Point of Weight (Mz.) (Mz.) 

+.2 ee re 

+.4 9.997 —0.003 

.0 10.009 +0.009 

Sat 20. 109 +0.109 

+6 50.012 +0.012 

+.4 100.017 +0.017 
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from the International Kilogram basis to the ‘apparent 
mass’’ basis. Such an error cannot be overlooked in 
precision weighing and it should always be made clear 
on what basis the weights have been calibrated. 

Such a situation naturally raises the question as to 
what allowance, if any, should be made when comparing 
an aluminum weight with a platinum one for which the 
Bureau has given the correction with reference to a 
brass standard. Since the platinum weight is corrected 
to give the value of the mass of brass it balances in air, 
it follows that an aluminum weight which exactly bal- 
ances the platinum weight in air will also balance in air 
a mass of brass equal to the corrected value of the 
platinum weight. Hence an aluminum weight which 
balances exactly a platinum standard weight in air is 
given the same correction as the platinum standard. 
Of course if the aluminum weight differs in ‘apparent 
mass” from the platinum weight, as shown by a shift 
in the rest-point, additional correction must be made 
for the value of the aluminum ‘weight. 

The same reasoning may also be applied in the 
calibration of the more modern stainless steel whole- 
gram weights with standard brass weights. If the 
“apparent mass” of the steel weight is expressed in 
terms of the brass standard, then the density of brass 
is used in calculating buoyancy corrections for the steel 
weights. 


CORRECTIONS FOR ATMOSPHERIC DENSITY CHANGE 


The reader’s attention is called to the fact that the 
apparent mass corrections obtained in the comparison 
of weights of different densities at one atmospheric 
density will not be correct at another. The error is 
small but not insignificant. For example, suppose the 
“apparent masses” of a set of platinum weights have 
been determined at the Bureau in an atmospheric 
pressure approaching 760 mm. If these weights are 
then shipped to a high altitude, the density of the 
atmosphere will be less and the platinum weight no 
longer exactly balances the same mass of brass it did in 
the heavier atmosphere. Hence it becomes necessary 
to recalculate the ‘apparent mass’’ values from those 
based on the International Kilogram. For the example 
of a 500-mg. platinum weight quoted above for which 
0.044 mg. had to be added to obtain the “apparent 
mass” value, a 20 per cent decrease in atmospheric 
density produces a 20 per cent decrease or 0.009 mg. 
in the buoyancy reduction term. This is not an in- 
significant amount in high-precision weighing. It may 
also be noted that for a 10 per cent variation in atmos- 
pheric density at any one locality the error in buoyancy 
reduction value may amount in the case of the 500-mg. 
weight example to 0.004 mg., which is an amount 
usually regarded as more than the error in weighing 
with a microbalance. The reader is referred to Table 
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12 of Circular No. 3 for the formula for making buoy- 
ancy reduction corrections. 


ADVANTAGES AND LIMITATIONS 


The following points are in favor of such a method of 
calibration in contrast with the Richards and modified 
Richards methods mentioned above: 


1, The absolute weight of an object is obtained by direct 
weighing. 

2. Errors in ordinary direct weighing cancel out in calibration 
and weighing. 

3. It has been suggested above that the arm-length ratio may 
change with load. The writer has no evidence that this hap- 
pens but it must be regarded as a possibility. If it does happen, 
its effect will be the same during calibration as in subsequent 
weighings and will therefore cancel. 

4. The calibration of each weight is an independent operation 
and the additive errors of the Richards method are completely 
avoided. 


Two limitations appear in the determination and use 
of corrections obtained by this method: 


1. The use of calibrations obtained in this way will give ab- 
solute weights by direct weighing only on the balance for which 
they were determined. The writer does not consider this a 
serious objection since in most laboratories where precision 
weighing is done, the calibration and weighing are performed on 
the same balance anyway. On all other balances the corrections 
will give relative weights. It is important that a careful record 
of balance and weight serial numbers be made. 

2. An objection that may be very real in a few cases arises in 
the necessity for having a set of weights that are known in terms 
of the absolute standard of mass. In this country it has been a 
common custom to send weights to the Bureau of Standards for 
calibration in terms of the absolute standard. Several thousand 
such sets of weights now exist in the laboratories of the country 
and this therefore no longer seems the objection it would have 
been at the time of Richards publication. For those unfamiliar 
with the service offered by the Bureau, a description is given in 
Circular No. 3 (5). 


SUMMARY 
Three methods of calibrating weights are discussed: 


1. Calibration to give relative values of the weights. 

2. Calibration to give absolute values of the weights. 

38. Calibration so the weights will weigh directly the ab- 
solute value of the object. 


The third method is described in detail and is re- 
garded by the writer as the most satisfactory method 
since it makes possible obtaining absolute weights by 
direct weighing and can be used in all circumstances. 
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Canning Certain Vegetables 





with Hydrochloric Acid 


R. C. BURRELL, ESTHER M. JOHNSON, BEVERLEE J. RICE, and PHYLLIS J. SOHN 
The Ohio State University, Columbus, Ohio 


ANNING the surplus products of war gardens has 
presented a problem due to the lack of pressure 
cookers, since the majority of the common vegetables, 
with the exception of tomatoes, have too high a pH to 
obviate the danger of bacterial spoilage, even botulism, 
unless pressure sterilization is employed. 

According to Shrader (4) Colostridium botulinum 
grows best at a neutral or slightly alkaline reaction, 
although slight growth may occur at pH values of 5.0 or 
slightly less. The State Board of Health of California 
has established pH 4.5 as the dividing line between acid 
and nonacid foods (1, a). A relatively high acidity in 
the canned product also contributes to the conservation 
of both vitamin C (1, b) and carotene (3). 

It was therefore deemed of interest to investigate the 
possibilities of the use of acid in the canning of vege- 
tables with respect to: 


1. Finding an acid that would not give an undesirable flavor 
to the canned product; 

2. Finding a suitable concentration to use under actual can- 
ning conditions; 

3. Determining what the effects of the acid are on the quality 
of the product when subsequently used as food. 


EXPERIMENTAL PROCEDURE 


Two vegetable products were investigated, green 
snap beans and a mixture of vegetables suitable for 
vegetable soup. For the latter, the following propor- 
tions by volume were used: 2 parts shredded cabbage; 
1 part tomatoes; 1 part sweet corn; 1 part chopped 
celery; 1/2. part diced carrots; !/2 part chopped onions; 
and !/, part chopped parsley. With the beans, blanch- 
ing was carried out with boiling water for three min- 
utes. For most of the experiments, the vegetable mix- 
ture was prepared unblanched. 

Hydrochloric was selected as the acid, since in the sub- 
sequent preparation of the canned product for the table 
the addition of a little baking soda not only removed 
the sour taste but merely produced a little more ordi- 
nary salt as the result of such neutralization. After trials 
of various concentrations it was found that 25 ce. of 
0.5 N hydrochloric acid added to a one-pint can would 
give a pH of 3.6 with the snap beans and a pH of 3.5 to 
3.7 with the vegetable mixture. Such pH values are 
unfavorable to the activity of most enzymes as well as 
to the growth of bacteria. When preparing the product 
for table use, one-quarter of a teaspoon of baking soda 
from a kitchen measuring spoon (weight of NaHCO; 
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approximately 1 gram) was found to be the right quan- 
tity to remove the sour taste and yet not quite neutral- 
ize the product (which, if done, would cause a more 
rapid destruction of vitamin C during the heating pre- 
liminary to serving). The beans, after neutralization 
by the baking soda, had a pH of 6.2; the vegetable 
mixture, 4.9 to 5.0. 

The exact canning procedures were as follows: The 
snap beans cut in one-inch lengths and blanched, or the 
vegetable mixture, either blanched or not, were packed 
loosely in pint Mason jars. One-half teaspoon of salt 
was added to each jar, then 25 cc. of 0.5 N hydrochloric 
acid, and finally sufficient water to bring the level of 
liquid up to the base of the rim. The jars were closed 
with No. 10 glass-top ‘“‘Presto” closures (unscrewing the 
band one-fourth turn before processing) and placed in a 
water bath. They were allowed to process for 45 
minutes of active boiling. 

To prepare for serving, the contents of the jar were 
emptied into a saucepan and water added as desired. 
One-fourth teaspoon of baking soda was added to each 
sample and heating was continued for 10 or 15 minutes. 
The addition of the contents of one small envelope of 
“G. Washington’s Instant Broth’ powder makes a 
very palatable vegetable soup from the vegetable 
mixture. 

In a series of experiments, determinations of the 
vitamin C content (2) of the original vegetable mixture, 
the stored product, and the product prepared for serv- 
ing were made. Due to the lack of homogeneity of the 
product the results obtained from separate samples 
were variable. However, they confirmed the already 
established idea that acidity is favorable to the preserva- 
tion of the vitamin C content of a foodstuff. 

Fifty cans of the vegetable mixture and forty cans of 
snap beans were stored for periods of six months to one 
year without any spoilage occurring. 
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LETTERS 


To the Editor: 

In the June issue of your JOURNAL we find a very fit- 
ting necrology for Wolfgang Ostwald, one of the, if not 
the, leading pioneers of colloid chemistry. However, in 
memory of this great scientist and particularly now 
where our country has been at odds with his homeland, 
a few points should be added to the published biogra- 
phy. 

Although those of us who were well acquainted with 
Wolfgang Ostwald knew that he was a German by heart 
and soul, which was only natural, we also knew that he 
was at odds with the regime that plunged this world 
into the struggle in which we are now engaged. He was 
first of all a scientist, and as such in favor of inter- 
national collaboration in the interest of a better world 
and very much opposed to war and the sufferings re- 
sulting therefrom. Nothing can prove this better than 
the concluding sentences of the introduction to his 
book, ‘‘The World of Neglected Dimensions,” which, 
by the way, was written in the trenches during World 
War I in March, 1915, and which reads in translation 
as follows: 

‘As convinced as the author is of the just cause of his country 
and its strength to bring it to a victorious conclusion, so certain 
is he that the scientific union of nations can never again be de- 
stroyed by war and that these relations will eventually safeguard 
humanity from such events as we are now witnessing. No sur- 
roundings are unsuitable and no living conditions too difficult to 
work toward such a goal even in the most modest way.”’ 


We who have known him well and all who owe him so 
much must thank God that He saved him to be a wit- 
ness of the disaster into which his nation has plunged 
the entire world. 

For the sake of chronological correctness, it must also 
be said that Wolfgang Ostwald visited this country 
for the last time in 1938 when, accepting an invita- 
tion extended to him by the writer, he was the guest of 
honor at the 15th National Colloid Symposium held in 
Cambridge, Massachusetts, on June 9-11. 

Ernst A. HAUSER 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


To the Editor: 

Several people have called to my attention an error 
in my article ‘“‘What is a chemist and a chemical engi- 
neer’’ published in the March issue of the JOURNAL OF 


* 


CHEMICAL EDUCATION. These people state that 
Arthur D. Little should not be blamed for a definition 
which he did not make. Furthermore, they cite 
references to show that he was probably never in favor 
of the definition as written. On page 170 of the 
A.TI. Ch. E. Transactions, Volume 17, 1925, is informa- 
tion bearing on this subject. I did not have access to 
this material at the time I wrote the article and there- 
fore quoted directly from Newman’s article, which is as 
follows: 


The original definition of chemical engineering was that writ- 
ten by Dr. Arthur D. Little in 1922 and is as follows: 

“Chemical engineering, as distinguished from the aggregate 
number of subjects comprised in courses of that name, is not a 
composite of chemistry and mechanical and civil engineering, but 
is itself a branch of engineering, the basis of which is those unit 
operations which in their proper sequence and coordination con- 
stitute a chemical process as conducted on the industrial scale.” 


The material cited to the contrary is that on page 170 
of the preceding reference, which is as follows: 


“‘Chemical engineering was initially defined in the Report of 
the Institute Committee on Chemical Engineering Education 
(1922): 

“Chemical engineering as a science, as distinguished from the 
aggregate number of subjects comprised in courses of that name, 
is not a composite of chemistry and mechanical and civil engi- 
neering, but a science of itself, the basis of which is those unit 
operations which in their proper sequence and coordination consti- 
tute a chemical process as conducted on the industrial scale. 

“In the amended form, however, in which that Report was 
adopted by the Institute, the word ‘science’ was deleted. The 
definition, therefore, now stands as follows, in form unanimously 
acceptable to the members of the American Institute of Chemical 
Engineers present at its Niagara Falls meeting in June, 1922: 

“Chemical engineering, as distinguished from the aggregate 
number of subjects comprised in courses of that name, is not a 
composite of chemistry and mechanical and civil engineering, 
but itself a branch of engineering, the basis of which is those unit 
operations which in their proper sequence and coordination 
constitute a chemical process as conducted on the industrial 
scale. 

“Having that authority behind it, it would be presumptuous 
for me as an individual to attempt to devise a better one, even if 
I were disposed to do so. 

“Tt will be noted that chemical engineering is not regarded by 
its practitioners as a science in itself, but as a branch of engineer- 
ing, which draws freely upon the sciences as its needs require. 
It draws so freely upon them that an arduous training is required 
to fit one for the practice of the profession.”’ 


ALBERT L. ELDER 


CorN Propucts REFINING COMPANY 
ARGO, ILLINOIS 


A water jet of 650 pounds pressure is used in some paper mills to remove bark from 
logs. The saving in wood is said to be as high as 20 per cent. 


A new surgical lamp projects a cone of ultraviolet radiation, through which germs 


cannot pass, around a wound. 
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Report 
NEW ENGLAND ASSOCIATION 
of CHEMISTRY TEACHERS 


of the 


Leather Technology in Wartime’ 


KENNETH E. BELL 
A. C. Lawrence Leather Company, Peabody, Massachusetts 


N OUTLINE of modern tannery practice was pre- 

sented at the 1940 Summer Conference. This 
article is intended to cover advances and changes in 
leather technology in the intervening years. Most of 
the thought and energy of the industry has been de- 
voted to the development and production of military 
leathers. One of the most interesting was the develop- 
ment of self-sealing gasoline tanks for our planes to 
render them capable of remaining air borne in modern 
combat, in which my company was active in collabora- 
tion with the United States Army Air Forces. As a 
result, our ships were protected during the nerve- 
racking months of 1940 and 1941. Later many of them 
gave a good account of themselves in combat in 
theaters of war around the world. 

Metal gasoline tanks offer absolutely no protection 
against bullets which readily pass in one side and out 
the other, leaving permanent holes through which 
gasoline can pour. As planes must continue to fight 
under these conditions, metal has been eliminated from 
the gasoline tank. Since individual leather fibers have 
an ultimate strength of 80,000 pounds as against 35,000 
pounds for aluminum, it was possible to substitute 
chrome-tanned cowhide for metal. While it is not 
possible to publish details of the construction em- 
ployed, suffice it to say that tanks resemble gigantic 
punching bags suspended in the wings. As can be 
imagined, many nice problems of hydrodynamics were 
involved in their design. With this type of tank planes 
continue to fight without gasoline leakage, even though 
50-caliber machine gun bullets pierce the wings and 
pass through the tank. ; 

A modified construction is now used, as the supply of 
cattle hide would have proved inadequate and the 
amount of handwork involved in the requisite quantity 
of these tanks would have made them a production 
bottleneck. However, many authorities consider the 
leather type of tank best and it has given an excellent 
account of itself in combat. 

Brightly colored shearlings—sheepskin tanned with 
the wool on—were displayed at the 1940 meeting. 


1 Abstract of a paper presented at the Sixth Summer Conference 
of the New England Association of Chemistry Teachers at the 
Connecticut College for Women, New London, Connecticut, 
August 26, 1944. 


Since that time the Army Air Forces and the Naval 
Aeronautical Bureau have frozen the supply of this 
material for their exclusive use in clothing for high- 
altitude flying. It is light in weight and acts as a 
windbreaker and insulator, while a polyacrylate plastic 
coating renders it oil, gasoline, and water resistant. 
A U.S. Department of Agriculture program helped to 
expand the supply of raw material to an extraordinary 
volume. The tanning industry increased its output 
many fold and virtually without new construction. As 
a result, adequate supplies of flying suits, boots, and 
helmets were available for the use of our flying forces. 
A multitude of news photographs of admirals and 
generals wearing shearling jackets show how popular 
and comfortable they are considered. 

These two instances illustrate the important position 
leather has assumed in this war. In addition to these 
new uses, enormous quantities of cattle hide have been 
employed in footwear both for our own Army and those 
of our allies. The Signal Corps has used leather field 
telephone cases, and the Navy huge quantities of strap 
and rigging leather. Chamois has been employed for 
gasoline strainers, helmet liners, and many uses which 
are still a military secret. As a result of military re- 
quirements, the civilian supply of leather has been 
drastically curtailed. Indeed, our Army has eliminated 
the use of leather in many items solely to conserve the 
supply for more essential uses. , The German and 
Russian armies, however, have used much more leather 


_per soldier than our own. 


It is not the purpose of this paper to extol the merits 
of leather but rather to paint a picture of changes in its 
technology. Significant of the change is shift in techni- 
cal personnel in the industry. Dr. John Arthur Wilson 
has died. His books are still authoritative and out- 
standing in their wealth of technical details. Dr. 
Wilson, like Proctor, McLaughlin, and others, was 
trained primarily as a chemist. 

There has been a marked trend in the last few years 
for biologists and physicists to enter our field—or per- 
haps I should say, for the leather industry to recognize 
their contribution and to cooperate with them. Also, 
research workers in the industry have given increasing 
attention to the biological approach. Thus, Dr. Berg- 
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A. C. Lawrence Leather Co. 
Mace. 33 X. 


FicurRE 1.—Cross SECTION THROUGH CALFSKIN. 
NorTE FIBROUS STRUCTURE 


mann of the Rockefeller Institute, Dr. Highberger of the 
University of Cincinnati, Dr. Dorothy Jordan Lloyd 
and Dr. Astbury of England, and more recently Dr. 
Schmitt of the Massachusetts Institute of Technology 
have directed intensive researches on the structure of 
collagen. The broad background of physics, chemistry, 
and biology of these workers has resulted in valuable 
and interesting conclusions. 

The earlier investigators in the field developed the 
technology then available in a skillful way. The work 
of Proctor, McLaughlin, Wilson, and others showed that 
leather was a protein material which hydrolyzed into 
amino acids. It should be recalled these are amphoteric, 
the carboxyl group reacting with alkalies and the amino 
group with acids. The conclusion was that collagen and 
the other proteins making up leather were long-chain 
linkages of the different amino acids. The exact com- 
position was then, and is still, unknown. Whenever 
leather chemists met there was healthy debate on the 
structure of leather proteins and the manner in which 
mineral and vegetable compounds combined with 
collagen to form leather. 

These earlier workers made excellent leather sections 
which they examined under the microscope. These 
showed that the fibrous nature of leather, with which 
every tanner was acquainted, extended to the micro- 





FIGURE 2.—FIBER BUNDLES MADE UP OF PARALLEL FIBERS 
OF COLLAGEN HELD TOGETHER BY RETICULIN. BoTtrom VIEW— 
Note How FIBER BUNDLES CAN BE TEASED INTO FINER FIBERS 
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scopic structure. Figure 1, which is a product of this 
era, shows a section cut through vegetable-tanned cow- 
hide. The hair or grain surface is made up of the pro- 
tein keratin, while the body of the leather is collagen. 
It can be readily seen that leather is fibrous and the 
three-dimensional mixture of the fiber bundles explains 
the unique properties of leather. No matter from what 
direction stress is applied, there are fiber bundles in 
position to take it up. Many synthetic substitutes 
have laminar structure which results in separation into 
the component layers on flexing, while leather retains 
its structure unimpaired under such treatment. It 
should be noted that the magnification of Figure 1 as 
printed is approximately 33 diameters. 

Figure 2 shows that fiber bundles are made of 
parallel fibers of collagen which are held together at 
intervals by the threadlike protein reticulin. The 





Massachusetts Institute of Technology. Original by Dr. R. S. Bear 


FIGURE 3.—SHORT SPACING X-RAY DIFFRACTION PATTERN OF 
BEEF TENDON COLLAGEN. FIBER AXIS IS VERTICAL 


bottom view shows how fiber bundles can be teased into 
finer fibers. Grossly visible leather fibers range from 
1/30 to 1/199 of an inch in thickness. These can be teased 
apart with needles and separated into finer fibers having 
a thickness of '/s00 to 1/2000 of an inch. Such are, of 
course, visible with a good microscope. Further teasing 
breaks them into still smaller fibers of thickness of 
about '/12,000 of an inch, while these primitive fibers in 
turn can be separated into fibrils */100,000 to 1/1,000,000 of an 
inch thick and which cannot be seen by the best light 
microscope. : 
In the last few years Drs. Dorothy Jordan Lloyd and 
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Astbury in England, and Bergmann, Clark, Bear, and 
others in the United States have investigated such 
fibers by the X-ray diffraction method (Figure 3). 
More recently, Professor Schmitt of the Massachusetts 
Institute of Technology and his collaborators have used 
not only the X-ray diffraction method but the electron 
microscope as well as the polarizing and ultra-micro- 
scope in an intensive study of this subject. While their 
initial attacks were made from the medical angle, it is 
interesting to note that they find collagen to be much 
more widely distributed in animal structures than 
formerly believed possible. Further, and more im- 
portant, the structure of collagen is practically identical 
in all organs and creatures in which it occurs. 

Through the courtesy of Professor Schmitt Figures 4 
and 5 are published. These electron micrographs of 
collagen as kangaroo tendon and in beef are magnified 
21,000 diameters, as printed. This is in contrast with 
the magnification of 33 diameters for the slides shown 
as Figure 1. It will be noted that as we approach the 
molecular size the fiber structure still persists. The 
lines of cleavage do not run across the fiber as might be 
expected but longitudinally, that is, further separation 
is into even finer fibers. In explaining the molecular 
architecture, Professor Schmitt and his coworkers be- 
lieve that the denser portions are where the molecule is 
folded or convoluted. They find that the repeat pat- 
tern occurs at intervals of 640 A. U. or roughly */¢00,000 
of an inch. This fundamental spacing is corroborated 
by the X-ray diffraction work of Bear and others. 
Larger angle X-ray diffraction readings lead to the con- 
clusion that there is a fundamental intermediate repeat 
pattern, of alanine, proline, and hydroxyproline going 
to make up the chain—that is, these individual proteins 
are believed to occur regularly in the same order. Cross 
linkages are superimposed on this long-chain structure 
so that several chains in parallel with cross linkages go to 
make up the molecule. It is the present theory that 
tanning consists in strengthening or stiffening these cross 
linkages by means of chromium complexes or combina- 
tions with other tanning materials. References are 
given for those who are interested in further details of 
this complex subject. 

A much less fundamental concept but one which has 
interesting possibilities of revolutionizing vegetable 
tanning is the use of acetone solutions of vegetable 
tannins. Initial work on this subject was conducted by 
the Tanners’ Council Research Laboratory. 

Since time immemorial hides and skins have been 
tanned with water infusions of vegetable tannins. A 
dilute solution is used first to avoid astringent action. 
Penetration of the tannins into the hides takes place 
slowly and as this occurs the strength of the solution or 
“tan” is gradually increased. The use of strong tan or 
too rapid increase in the strength results in over-tan- 
nage of the surface and inhibition of penetration to the 
interior. After the hides have taken up all the tan 
possible from solution they are ‘“‘laid away” * with 
ground-up solid tannins in direct contact which is 
slowly taken up by the hide. A period of four or five 
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FIGURE 4.—ELECTRON MICROGRAPH OF COLLAGEN FIBRILS FROM 
KANGAROO TalL TENDON. Mac. 21,000 X 


months or even longer is involved for the whole process. 
The disadvantages are obvious. Large floor space is 
required, and carrying charges on the necessary in- 
ventory are big. Further, the value of the hide which is 
the main item of cost may drop sharply during the 
process and ruin the tanner. 

Tannins are soluble in acetone and acetone is miscible 
with water in all proportions. Thus, it is possible to 
introduce the requisite tannin into hides from acetone 
solution in a very few days rather than months. So far 
as is known this development has not been carried into 
full-scale production as yet but it has possibilities which 
cannot be ignored. The recovery of inflammable and 
volatile acetone and a balanced tannin takeup are 
necessary if the process is to prove economical. 
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FIGURE 5.—ELECTRON MICROGRAPH OF COLLAGEN FIBRILS FROM 
Beer Tart TENDON. Mac. 21,000 X 
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Leather finishing was stabilized for a period of nearly 
20 years on formulations of casein, shellac, and pig- 
ments, plasticized with oils. True, there was a brief 
period during which nitrocellulose finishes were popu- 
lar, but unsuitable plasticizer which migrated into the 
leather leaving the nitrocellulose film brittle and tend- 
ing to peel made them lose popularity rapidly. 

Gradually, modern synthetic resins have been 
adapted to leather work and are now well established. 
Polyvinylchloride is oil-, water-, and gasoline proof and 
was adopted by the Army Air Forces as a coating for 
flying suits. The toxic and inflammable solvents used, 
the restriction of application to a bristle brush, and the 
need for heating to a temperature of 150°F. made it a 
production bottleneck. As a result, water dispersions 
of polyacrylate resin have displaced it. These can be 
applied by spray gun at room temperature and without 
vapor hazards. 

The trend toward high-altitude flying and fighting 
exposes equipment to temperatures as low as —65°F. 
and present-day specifications require flexibility at this 
temperature. 

Cellulose nitrate and acetate finishes have come into 
their own with the advent of suitable plasticizers, and 
many attractive effects are obtained by the use of these 
materials. Urea-formaldehyde, phenol-formaldehyde, 
and many other families of resins are now in use as 
leather finish components. It is anticipated that many 
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other new materials will be adopted as they become 
available. 

Prediction is always hazardous. The rosy dreams of 
advertising copywriters have led us to believe that 
Utopia will be realized after the war when all the new 
developments are released. We have been told that 
plastics will prove ubiquitous and that they will replace 
everything from metals to leather. 

While we cannot shut our eyes to progress, Pope's 
lines: 


“Be not the first by whom the new is tried, 
Nor yet the last to lay the old aside”’ 


still hold. In the case of leather, it is believed that the 
unique structure with which nature has endowed it 
still renders it superior for many uses. Thus, on the 
basis of comfort, appearance, and service it is predicted 
that leather will long have a place in shoe uppers. 
After experience with unrationed shoes many people will 
gladly return to leather as a material for shoe soles. 
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Blood and Blood Derivatives 


EDWIN J. COHN 


BLOOD has been related to life in the minds of men since the 
earliest times. Savage tribes have celebrated symbolic blood 
brotherhoods and blood sacrifices. In Biblical times and in the 
middle ages blood was regarded with superstition and awe, and 
often associated with the spirit of man. In this war also blood has 
symbolized the spirit relating a civilian population to its sons in 
distant parts. The blood collected by the American Red Cross 
has not only brought relief but also evidence of social coherence 
to the most distant corners of the world to which it has been sent. 

What is the scientific knowledge regarding blood, as a result of 
which superstition and awe are receding and are slowly being re- 
placed by an understanding of the chemical nature of the sub- 
stances of which blood is composed and of their value in medicine 
and surgery? 

Blood is a tissue, composed of many of the same kinds of sub- 
stances as the other tissues of the body, of water and salts, sugars 
and fats, and proteins, but fluid, since it must circulate and main- 
tain equilibrium within the body. Its circulation was discovered 
by Harvey in the early 17th century, and the first step in un- 
raveling its complexity followed the development later in that 
century of powerful lenses which revealed the presence of cells 
suspended in this circulating fluid. The cells are readily separated 
from the fluid in which they are suspended by centrifugation, the 
same process used to separate cream from milk. The lighter 
layer is called the plasma. The heavy layer contains all of the 
cells of the blood stream. These cells are of more than one kind, 
but one type of cell, red in color, occupies nearly half the volume 
of the blood. . 

The primary function of the red cells is to provide for the 
respiration of the body. Every time you breathe you bring a 
fresh supply of oxygen from the air to your lungs where it is 
combined with a special agent, the hemoglobin of the red cell, 
which carries it to the tissues. This special agent, hemoglobin, is 
a protein which contains iron in the state responsible both for the 
color and the great affinity of blood for oxygen. 

Red blood cells are needed when there has been severe loss of 
blood, when major operations are to be performed, and to combat 
the anemia which frequently occurs in convalescence from 
wounds. Whole blood is, therefore, made available whenever 
these conditions obtain. However, many of the functions of the 
whole blood are performed not by the red cells but by the plasma 
proteins. In these conditions plasma, or the special plasma pro- 
teins that are needed, may be used. 

The plasma can be dried by methods that had been developed 
just before this war. Dry plasma has been prepared from the 
blood of many millions of Red Cross Donors and proved effective 
in the prevention and treatment of shock. 

Shock, as observed in military medicine, generally results from 
a rapid decrease in the volume of the blood due to the loss of 
blood and plasma proteins. Reduced in volume and often thick- 
ened by the loss of more fluid than red cells the circulation of the 
blood becomes inadequate. Restoration of the volume of the 
blood so that its circulation by the heart again approaches 
normal may be brought about by administration of plasma 
proteins. . 

Proteins are very large molecules, and are the highly specialized 
substances which are most responsible for the structure and the 
complex functions of the body. The proteins of the plasma, as of 
other tissues, differ in size and shape. The smallest dimension of 
all plasma protein’ molecules—their diameter—is roughly the 
same. This diameter is five times that of sugar molecules. Small 
molecules, indeed all the molecules that have been studied which 
are appreciably smaller than the plasma proteins, are readily lost 
from the blood stream into the tissues or through the kidney. 
They are, therefore, of less value in the prevention and treat- 
ment of shock than the plasma proteins which are normally re- 
tained in the blood stream. 

Two out of every three of the protein molecules of plasnta are of 
one kind, called albumin. Albumin is the protein in plasma 
largely responsible for the maintenance of blood volume. Al- 
bumin molecules are the smallest in size, the most nearly spherical 
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in shape, the most soluble, and the most stable of the plasma pro- 
teins. Albumin can therefore be prepared as a concentrated 
solution which is as fluid as whole blood, and is effective in the 
treatment of shock. Large amounts of this very compact deriva- 
tive of plasma have been prepared and are in use by our Navy. 

The separation of albumin from plasma by the large-scale 
methods which have been developed releases the other plasma 
proteins for uses in medicine and surgery closely related to their 
functions in the body. How do we separate the plasma proteins 
from each other? Even closely related proteins can be separated 
because of their different solubilities in water or in alcohol-water 
mixtures, at different acidities and at different temperatures. 
As conditions are attained in which a fraction of the plasma pro- 
teins becomes insoluble, it is separated as a precipitate in the 
centrifuge and dried as a stable white powder. These purified 
dried products can be stored indefinitely and redissolved when 
needed as specific concentrated therapeutic agents. 

Let us consider the physical properties of another derivative of 
plasma, fibrinogen, which is concentrated in another plasma frac- 
tion. Only one in every hundred of the protein molecules in 
plasma is fibrinogen. Fibronogen is far less soluble than albumin. 
Its molecules are of roughly the same diameter but six times as 
long as albumin. Indeed fibrinogen molecules are like needles, 
20 times as long as they are thick. This shape is closely related 
to the fibrous structure of the clot formed of fibrinogen which 
stops the flow of blood from a cut or wound. 

The chemical nature of the fibrinogen molecule endows prod- 
ucts made from this protein with remarkable elastic and mechani- 
cal properties not unlike those of certain synthetic fibers such as 
nylon. Films of fibrinogen have been used as substitutes for 
the dura, the lining membrane of the brain. Fibrinogen can 
also be formed into plastics. 

The transformation of the fibrinogen dissolved in the plasma 
into the insoluble blood clot involves a series of reactions in which 
a protein we call thrombin is liberated. To stop the flow of 
blood in many surgical procedures thrombin is the only compo- 
nent which must be supplied. Thrombin is best applied, however, 
with a matrix which can hold the thrombin in the bleeding area 
until clotting is completed. Such a matrix formed of human 
fibrin and called fibrin foam is now in use in military neurosurgery. 

If the properties of hemoglobin, of albumin, and of the fibrino- 
gen of the blood stream are so different, how are we to under- 
stand the functions of the variety of other plasma proteins which 
have been called globulins? Globulins are of many kinds. One 
group holds fats in solution and transports them in the plasma. 
Another small group agglutinates the red cells of different blood 
types. These may be used as reagents for the typing of whole 
blood. The most important globulins from the point of view of 
the public health are, however, the gamma globulins which are 
the antibodies to infectious diseases. 

Not all of the antibodies concentrated from human plasma will 
be of value in the contrcl of disease. However, in the case of 
measles, the concentrated antibodies have been employed with 
great success, either to assure protection or to modify the severity 
of the disease. Gamma globulins are now being supplied to the 
Armed Forces and through the American Red Cross to public 
health agencies for protection against measles. Their value in the 
control of infectious jaundice has also recently been demonstrated. 

All of these products may be separated, purified, and concen- 
trated from the same blood. The chemist is fulfilling his function 
in making available derivatives which are more concentrated, 
stable, and specific agents than the blood from which they are 
derived. Starting with the assumption that every part of human 
blood performs an important natural function, we must make 
available in the postwar world, as we have in this war, as many as 
possible of its diverse cellular, protein, and fatty components, 
separated and concentrated as specific therapeutic agents, of 
value in different conditions, in the interests of the most effective 
and economical use by a society of the blood which it contributes. 
—A radio talk, reprinted by permission of the United States 
Rubber Company. 











RECENT BOOKS 


SYNTHETIC RUBBER FROM ALCOHOL. Anselm Talalay. The 
Sponge Rubber Products Company, Derby, Connecticut, 
and Michael Magat, Frick Chemical Laboratories, Princeton 
University, Princeton, New Jersey. Interscience Publishers, 


Inc., New York, 1945. xiii + 298 pp. 64 figs. 75 tables. 
15 X 23cm. $5.00. 
This is a survey based on the Russian literature. Part I is 


devoted to a detailed discussion of the process for converting 
ethanol to butadiene as first patented by S. V. Lebedev in 1930 
in Britain and France, and in Russia in 1931. According to the 
authors, this process gives a product less pure and operates with 
a lower yield than the method used in America by the Carbide 
and Carbon Corporation but requires less plant outlay. They 
also state that many of the problems in converting alcohol to 
butadiene are common to all processes. Hence, the reason for a 
detailed summary covering the topics ‘‘Chemistry of the Proc- 
ess,” ‘‘Factors Influencing the Lebedev Catalysis.” 

Part II is entitled the ‘‘Technology of the S-K Process,’’ which 
is a discussion of the Lebedev synthetic rubber process. The 
topics are ‘‘Laboratory Installation,’’ ‘‘Pilot Installation,’’ ‘‘In- 
dustrial Installations.” 

Part III is ‘‘Polymerization” in which laboratory and com- 
mercial methods are reviewed in detail. 

Part IV has the title, ‘‘Physiochemical Properties of the 
Polymer’”’ with the topics ‘‘General Properties,” “‘Structure of 
the Polymer,’’ ‘Effects of Chemical and Physical Agents in the 
Solid Polymer,” ‘‘Properties of Solutions and Cements,” ‘‘Effect 
of Chemical and Physical Agents on Polybutadiene in Solution.”’ 

As the title page indicates, the material is based largely upon 
information obtained from Russian publications. There are 580 
references, of which only a few are English or American articles. 
The book is extremely well written and contains a wealth of fac- 
tual material which should be of interest to chemists in the syn- 


thetic rubber industry. 
A. A. VERNON 


NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 


DISCOVERY OF THE ELEMENTS. Mary Elvira Weeks, Research 
Associate in Scientific Literature at the Kresge-Hooker Scien- 
tific Library, Wayne University. With illustrations collected 
by F. B. Dains, Professor of Chemistry at the University of 
Kansas. Fifth Edition, revised and enlarged. Journal of 
Chemical Education, Easton, Pennsylvania, 1945. xiv + 
578 pages. 15.5 K 23.4cm. $4.00. 

The new fifth edition of Miss Weeks’s book is considerably 
larger than the fourth edition which appeared in 1939. A list of 
illustrations, 6 and a fraction pages, 347 entries, has been added. 
The 27 chapters, which occupied 450 pages in the previous edi- 
tion, now occupy 549. A list of chemical elements, two pages, is 
new. The chronological table has been lengthened by about one 
quarter, extended backward to include the 16th century, and 
generally made fuller down to the last entry, December 2, 1941, 
the death of Thomas H. Norton. Corresponding to the increase 
in the text, the index is about a third longer and occupies 12 and 
a fraction pages. 

The book remains unique in its class, scientific and broadly 
humanistic, scholarly and interesting to read. The fifth edition 
is the best yet because there is the most of it. 

TENNEY L. Davis 


NORwELL, MsSSACHUSETTS 


WHAT TO Do ABouT Vitamins. Roger J. Williams, Director of 
the Biochemical Institute, University of Texas at Austin. 
University of Oklahoma Press, Norman, 1945. vi + 56 pp. 
34 figs. 1lchart. 7 pp. of tables. 14 X 21cm. $1.00. 

The small size of this valuable book belies its interesting and 
important content, in the same way that small bottles of vitamin 
concentrates do with their modest labels. Especially when one 
has read and has enjoyed teaching from the author’s ‘“‘Textbook 
of Biochemistry,” he derives a literary and pedagogic thrill from 
this ‘‘version for the layman”’ with its sparkling elucidation of 
many of the same technical concepts in a clear, conversational 
style which makes effective use of such analogies as that of vita- 
mins and minerals as the lubricants of the human engine. Thus 
the exposition of the science of nutrition to everyday ad-victims 
reaches a new brevity and fascinating clarity in this book for busy 
consumers of food. The volume certainly deserves its title. 

The author provides you with an integrated scheme so that, if 
you like mathematics, you can ‘‘meter’’ the amounts of calories, 
vitamins, and minerals which you are eating, by constructing 
bar-charts from the tables of food values given in the back of the 
book in terms of liberal allotments of the dietary essentials as 
arbitrary units put upon the same scale. By means of this novel 
application of a graphic aid you examine the degree to which 
your intake of ‘‘lubricants’’ (minerals and vitamins) comes up to 
the level of your “‘fuel’’ (calorie) consumption. You can then de- 
termine your need for vitamin supplements and dietary changes. 
However, if you do not enjoy figuring things out for yourself this 
exactly, you will still benefit from reading this book, and from 
looking at the figures which show the relative values of common 
foods. As an alternative to chart-making, a brief set of non- 
mathematical rules for excellent nutrition is included. Here is 
no food fadism, no special pleading, no glossing over of inherent 
individual differences. Here is a book which fills the vital need 
for a better popular understanding of the real problems in the 
proper feeding of men and other animals. Chemistry teachers 
can aid the author and publishers in the service they have rend- 
ered in the production of this ‘‘best buy’”’ in little books, by calling 
it to the attention of their students, physicians, pharmacists, 
grocers, marketmen, and other fellow-consumers. 

Davip LYMAN DAVIDSON 


Gustavus J. Esseven, Inc. 
Boston, MASSACHUSETTS 


THE NEw Prastics. Herbert R. Simonds, consulting engineer, 
and M. H. Bigelow, Plaskon Company, Inc. Assisted by 
Joseph V. Herman, Economist. D. Van Nostrand Company, 
Inc., New York, 1945. xii+320pp. 14 XK 22cm. $4.50. 
‘‘The New Plastics” is a discussion of properties, production, 

and applications of new materials which have come into use 

(military only in most cases) from 1940-45. It is supplementary 

to earlier books on the subject and contains only a short chapter 

reviewing developments previous to 1940. The book is almost 
devoid of chemical formulas but will serve to keep the chemist up 
to date on new products and trade names without his own 
searching of the trade and patent literature. The outlook of the 
authors is one which seems to be characteristic of men in the 
industry who have been carried away.a little by commercial 


advertising. 
LEALLYN B. CLAPP 


BROwN UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


The ability to keep a cool head in an emergency, maintain poise in the midst of ex- 
citement, and to refuse to be stampeded are true marks of leadership. 
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A New Single-Stage 
COMBINATION 


VACUUM and PRESSURE 
PUMP 


Recommended especially for secondary schools 


ow! 


— 


This new dual-purpose, single stage 











rotary oil Vacuum and Pressure Pump 
is ideal for both laboratory demonstra- 
tion and general utility work. It operates 
on the same principle as the well-known 


Welch Duo-Seal Pump. 


SPECIAL FEATURES 





GUARANTEED VACUUM 


FREE AIR CAPACITY 
21 LITERS PER MINUTE 


PRESSURE 
15 POUNDS PER SQ. IN. 


a 

OPERATES AT 450 R.P.M. 
6 

NOISELESS OPERATION 


No. 1410N. 





This pump is rapid in its early action and gives a sufficiently high vacuum for the usual high school 
laboratory demonstration. With the intake open, the exhaust gives adequate pressure for the usual 
demonstrations, and as a protective measure a ball valve is provided in the exhaust fitting which blows 
off at 15 pounds pressure. 

The pump has a 7-inch pulley and with the usual’2-inch pulley on a 14 H. P. motor running at 1725 
RPM the pump rotates at 450 RPM, depending on the load. The free air capacity of 21 liters per minute 
is sufficient to exhaust quickly, all vessels of ordinary size. 

The pump is portable since it is small and compact and the base is of pressed steel. It can be trans- 
ferred easily to any place in the classroom or laboratory where electrical outlets are provided. 


*65.00 | 





No. 1410-N. WEGNER PUMP, 110-Volt A.C. 
Motor with 10-inch Pump Plate. Hach 


Complete 





W. M. WELCH SCIENTIFIC COMPANY > 


Established 1880 








1516 Sedgwick Street 





Chicago 10, Illinois, U.S.A. 
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Editors Outlech 


30 YOU’RE GOING TO STUDY SCIENCE! 


So you're going to study science now, my son! 

Well, it shouldn’t be a shock; for many a year you’ve 
been preparing for it, ever since you’ve walked and 
talked. 

All those questions that you asked about the things 
around you; 

All those things you pulled apart and tried again to put 
together— 

These were but the stirring of the spirit now at last to 
find fulfillment. 

Scientists are only little children since grown up, 

Still just as curious, just as questioning—their questions 
now “‘experiments”’ spread out for Nature’s answer. 

If you’ve never wakened to a dewy morning, wondering 
how those water-jewels have formed on ground and 
leaf; 

If you’ve never watched the tiny creatures scurry to 
and fro and wondered what their business is and 
whence the furious urge which seems to spur them on; 

If you’ve never pondered beauty in a butterfly and 
wondered how those brilliant colors in the wing can 
come and go and why the pattern which they show; 

If you’ve never wondered why the keen steel of your 
knife-blade cuts cleanly through a soft lead pipe, 
although the latter, when you lift it, is very much the 
denser; 

If you’ve never watched inquiringly the flashing colors 
of a film of oil upon a water surface, becoming all the 
brighter when the oil is spread on thinly; 

If it’s never struck you strange how soon the food you 
eat becomes all you—the bread, the fruit, the vege- 
tables turning into bone and flesh; 

If you’ve never watched the stars and wondered where 
and what they are, perhaps despairing ever compre- 
hending; 


BOSTO! 


If you’ve never thought about the thread of continuity 
running through all living beings, by which each 
creature can perpetuate its kind; 

If it’s never made you marvel why the edges of a crys- 
tal are so smooth and regular, as if cut and polished 
on the finest wheel; 

If you’ve never asked why glass is clear (not always!), 
why iron rusts, what makes the wind blow, why the 
rain, how many times a ball will bounce, what keeps 
a heavy airplane lifted, why hours seem sometimes 
shorter, sometimes longer—— 

In short, if you have now outgrown your childhood, 
finding questions hard to ask, science will be dull and 
dreary, full of hard work, maybe tedious. 

But, if you still can dream and wonder, asking ‘‘why?”’ 
at every turn, you’re going to find a thrill and interest 
you have never known before. 

Weare not content to go through life as mere spectators, 
passive always; we want to feel we understand what’s 
going on about us and to some extent take part. 

In other words, we want to know—and still not be dis- 
couraged when it dawns upon us that we never really 
know. 

Two “whys” will always rise to take the place of every 
one we learn to answer. 

In such a race we never catch up with ourselves, keep 
wandering into broader fields, always striving hard 
to see what lies beyond the next horizon. 

And on and on, no stop in such a quest; the far horizon 
still eludes us—always will. 

But the wider and the longer is the path we tread down 
in the search the richer all our life becomes. 

And still we are content to reach no final end. 

Something deep within us drives us on. 

Man would be less than man without 'it. 


—N. W. BR: 


t ' IT 
\ \ tj 


COLLEGE @ LIBERAL ARTS 
LIBRARY 





The Periodic System and Atomic Structure 


III. Wave Mechanical Interpretations 


WILLIAM J. WISWESSER* 
Cooper Union, New York City 


N A previous paper the intellectual, practical, and 

teaching values of wave mechanics were noted, and 

a simplified wave-mechanical approach to the Periodic 

System was summarized (1). This summary should be 

consulted as a necessary introduction for the following 

more detailed discussions and supplementary notes on 
the remaining eight sections of the summary. 


SECTION III. BEHAVIOR WAVES AND PATTERNS 


A. The Electron’s Matter Wave 


Heisenberg’s uncertainty principle (Section II, 13) 
showed that, in the atomic extremities of nature, sta- 
tistical limitations govern the meaning of ‘“‘points’’ and 
“instants” just as they do the meaning of pressure, dif- 
fusion, or temperature. Newton’s corpuscular me- 
chanics (and force analysis) fails with small, high-speed 
particles just as his corpuscular or geometric optics 
fails for fine shadow details. The uncertainty about 
the atom-bound electron’s Newtonian behavior was 
evident in the blurred motions previously described (2). 
However, this dilemma is merely a “‘tempest in a tea- 
pot,” as Swann has insisted (3), for the electron’s Ham- 
iltonian behavior (with action analysis) is described 
with far more certainty than the best insurance tables 
can claim for vital statistics. The wave analysis indi- 
cates, as Hartree said (4), that the atom’s electric charge 
distribution is static, even though the charge itself 
(matter wave phases) may not be. Quite recently, 
Menius and Rosen (5) proposed a classical field theory 
of elementary particles, in which a matter function y, 
formally similar to the Schrédinger function, was found 
to change with time though fixed in space. 

Wave functions (more recently called state functions) 
are, in the final analysis, statistically precise descrip- 
tions of natural states of behavior. Hence it is appro- 
priate to call them behavior patterns, and compare them 
with other patterns (cycles, fields) in the macroworld. 


B. Waves, Cycles, and Vibrations 


The evidence reviewed in the previous paper (2) for 
the wave nature of matter should not have been start- 
ling. Everyday experience shows that there are natural 
vibrations and cycles of all kinds, associated with all 
forms of matter and energy. Recurrent behavior is 
evident in the heavens, cloud formations, weather, and 
sunspot activity; in civilizations, business, and indi- 
vidual moods; in living plants, animals, and microor- 
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ganisms; in high-speed machinery, music, light, and 
electricity. 

Our living bodies give immediate evidence for the 
great variety of cyclic phenomena peculiarly associated 
with life: there is the rhythm of breathing, the faster 
pulse of the heartbeat, the still faster alpha, beta, and 
delta brain wave rhythms. Less regular rhythms are 
evident in the blinking of our eyelids, in the peristaltic 
digestive pulses, in the incessant sweeping beats of 
respiratory cilia, and in the complex oscillations of 
nerve impulses. 

A striking chemical example of wave action is found 
in the mysterious rhythmic precipitation of Liesegang 
rings, recently given a wave-mechanical treatment (6). 
The property cycles of the elements in the Periodic Sys- 
tem make this famous example of recurrent behavior 
stand out in its spaceless, timeless uniqueness. Grad- 
ually the enormous practical value of knowledge about 
recurrent phenomena is being recognized, and _ this 
greater understanding is bound to bring greater human 
benefits (7) 

John J. Grebe, Director of the Physical Research 
Laboratory of the Dow Chemical Company, showed 
that the practical interests in wave behavior are fully 
as great as the theoretical. When he was awarded the 
1943 Medal of the Society of Chemical Industry, he said 
in his acceptance address (8): 


“The major portion of all our technical and scientific activities 
has to do with cycling of all kinds.... All the natural sciences 
deal with cycles of various frequencies which, if undesirable, 
should be understood and controlled at their inception, rather 
than fought with violent action after they are in full swing... .”’ 


Dr. Grebe then illustrated the amazing number of 
correlations in a frequency chart: (1) binding energies, 
from molecular to nuclear; (2) electron beam energies; 
(3) the electromagnetic spectrum from magnetic sun- 
spot disturbances to cosmic rays; (4) wave lengths of 
de Broglie particle waves; (5) mechanical and thermal 
vibrations, from those of constellations to those of 
atoms; (6) vital cycles, from civilizations to cell divi- 
sions; and (7) radioactive half-lives, from Uranium II 
to Thorium C’ (Po 212). So seriously does Dr. Grebe 
regard the industrial implications of cycles that he con- 
siders comprehensive unifications of this kind “the 
logical starting point for all our education in the sci- 
ences.” 


C. The Fine-grained Unity in Nature 


Optics and mechanics became more perfectly unified 
in Bohr’s theory (Section I, D) which recalled Hamil- 
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ton’s Principle of Least Action (1835). This principle, 
equal in analytical power to Newton’s Principia of 
forces, interrelated the optical path of least time (Fer- 
mat’s Principle, 1660) and the mechanical path of least 
distance (d’Alembert, 1742; de Maupertuis, 1744). 
Maxwell unified electricity and magnetism, and Poyn- 
ting’s quietly famous theory showed that the vector 
product of the electric and magnetic field vectors de- 
termines the intensity and direction of electromagnetic 
radiation. Now in the same way, the electron’s distri- 
bution intensity is determined by the product of two 
conjugate expressions, the Schrédinger wave equations. 

The wave equations themselves have a deeply pene- 
trating symmetry and unity; if any two except the 
complex conjugates are multiplied together, the integral 
of the product is zero, instead of one. Any wave equa- 
tion can be represented by some combination of the 
others; the differentials and integrals are symmetrically 
related, somewhat like the sine and cosine functions. 
Not only are positive numbers matched by negative 
ones, but real numbers by equally probable complex 
ones, giving the four unit alternates: 


PYF Se, py a 4/s 


Dirac’s four wave equations (see Section V) reflect 
further unity in the four dimensions of space-time, and 
in the four quantum numbers. His comprehensive the- 
ory (9, 10) also accounted for spin and magnetism and 
predicted the positive counterpart of the electron. Hill 
and Landshoff (9) showed how Dirac’s theory unified 16 
mathematical operators: 3 each for the space coordi- 
nates of electric field, magnetic field, current density, and 
angular rhomentum; and 1 each for charge density, rest 
mass, spin, and an unnamed measure. In Dirac’s more 
recent field quantization theory (11) he proposed still 
greater convergence of theories by including ‘negative 
probabilities” and ‘‘negative energy photons” as well 
as positive ones. Unfortunately, these profound uni- 
fications are far from simple and self-evident (aside 
from growing complications in other fields such as cos- 
mic rays, nuclear properties, and atomic bombs). They 
are cloistered in highly technical articles such as those 
just cited (9, 10, 11, 12); lost in a veritable jungle of 
spinors, tensors, and matrices; sealed with hermitian, 
unitary, and adjoint functions; and carried by space 
operators that commute and anticommute with one 
another. No wonder these fearful accounts are unpopu- 
lar, even to the curious chemist! 

There are some simpler hints that further unifications 
remain to be discovered or proved. It has been sug- 
gested (13) that there may be an ultimate unit to prob- 
ability itself, marking off the “highly improbables”’ 
from the ‘utter impossibles.”” The Sommerfeld fine 
structure reciprocal (137), which interrelates three na- 
tural constants (Section II), is a new fundamental num- 
ber, (1 + 44 — 5!) according to Eddington (14). The 
two roots of Eddington’s related relativity equation: 


10m? — 136mm + m2 = 0 ev) 


give the proton-electron mass ratio m,/m: = 1847.599, 
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curiously close to a recent (1942) ‘‘best”’ experimental 
value of 1837.5. (The uncertain mass of the meson, 
around 110 to 180 electron masses, also is curiously close 
to this 136 or 137.) Eddington mixed his cosmological 
constants with Fermi-Dirac statistics to suggest that 
the number of elementary particles in the universe 
equals the square of, (a) the universe-to-electron radius 
ratio, and (b) the electrostatic-to-gravitational force 
ratio between electron and positron. How very inter- 
esting this would be if true! 


IV. WAVE PATTERNS AND NODES 
A. Mechanical Analogies 


Mechanical motion really is not necessary to explain 
the origin of atomic wave or field patterns, but the Bohr 
and vector models are so suggestive, and the mechanical 
illustrations of standing waves so convincing, that these 
dynamic interpretations will be retained for many years. 
Nevertheless, it is well to recognize beforehand the pre- 
vailing contemporary view most recently stated by 
Gustaf Strémberg (15): 

“It cannot be too strongly emphasized that this vibrating 
|probability] system does not consist of moving particles or of a 
vibrating body, but is simply a convenient mathematical repre- 
sentation of a probability structure of the same type as that 
needed to characterize electron beams.”’ 


This does not deny the reality of the static electric 
charge patterns, nor the possibility of vibrations in their 
wave components (complex imaginaries). Strémberg, 
in fact, maintains that the pattern has a more funda- 
mental reality than the particle, being a self-contained 
field unit that even transcends the physical world of 
space-time (see Section X). Margenau (16) sharply 
criticized the view of 


“many competent physicists, some of them brilliant leaders in 
research, who while regarding the electron as an ultimate con- 
stituent of some unchanging reality, look upon the y-function of 
quantum mechanics as a formal and useful artifice having no 
‘real’ existence.”’ 


Margenau pointed out that realists build sensible world 
descriptions ‘from perceived colors, sounds, aromas, 
and tactual impressions,’’ and the action patterns are 
the same sort of physical realities. 

The only kind of mechanical motion necessary to il- 
lustrate (by analogy) the behavior of electrons is wave 
motion; and for atom-bound electrons, standing waves 
are the only kind necessary to consider. 


B. Standing Waves 


Stationary or standing waves are so called because 
the vibrating system producing the wave pattern con- 
tains regions which do not move. These fixed regions— 
points on a vibrating string, lines on a vibrating mem- 
brane, or surfaces in a vibrating chamber—all are called 
nodes (L., nodus = knot). The restricting boundary, 
such as the end of a whirling string or the rim of a drum, 
usually is regarded as a single node. Successive inter- 
mediate nodes define successive harmonics of the simp- 
lest or fundamental pattern. 
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Standing waves have four basic characteristics per- 
tinent to these discussions: 


1. There is no transfer of energy to or from the vibrating sys- 
tem. 

2. Every part of the vibrating body passes through the equilib- 
rium position at the same instant. This property gives rise to 
new nodes of a higher dimension when the pattern is rotated, as 
shown by previous illustrations (1). 

3. The vibration pattern has as many types of nodes as it 
has dimensions. Thus, three-dimensional vibrations require three 
nodal numbers for their description. 

4. The vibration pattern can be represented equally well by 
a motionless field having an intensity variable such as a gravita- 
tional, electrical, or magnetic potential gradient. 


The simplest wave patterns are illustrated by the 
vibrating string, symmetrically fixed at both ends. A 
whirling string, with one free end, shows more complex 
wave forms, illustrated by Morse (17). Those of vi- 
brating bars or beams are still more complex, due to the 
material rigidity and variable cross section. Two-di- 
mensional wave forms, in the simplest cases, are de- 
scribed by mutually perpendicular circular nodes on a 
spherical membrane, or by circular and diametrical 
nodes on an infinitely large planar membrane (17). 
Three-dimensional patterns, such as sound waves 
originating from a point source and confined in a 
spherical enclosure (limiting node), may be considered 
a combination of the preceding two types. 

These various types of standing wave patterns all are 
described most easily in terms of the constantly fixed 
nodes, or loci of zero vibration, rather than the more com- 
plex and changing regions of maximum vibration. As 
in cutting pies or melons, it is much easier to describe 
the number and types of slices rather than the more 
variable number and shapes of the resulting pieces. It 
is very easy to make spinning disc models showing the 
origin and exact location of the nodes, but a much more 
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difficult task to show the exact intensities in the inter- 
mediate regions. 


C. Simple Dynamic Models 


H. E. White, in making his intriguing ‘‘electron- 
cloud” photographs (18), used a symmetrical spindle, 
turned on a lathe to give the radial distribution curve; 
it was centerpivoted and conically rotated while con- 
strained to the proper @ angles by a vertically adjusted 
line. While his resulting photographs cannot be sur- 
passed for accuracy, the apparatus is not ideally simple. 
Spinning cardboard models that make direct use of the 
mathematical curves are more desirable for their in- 
structive value and simplicity, even though the results 
may be less refined. 


The equipment needed to demonstrate radial wave patterns 
is even simpler than that previously described for the vector 
model (2), and the method is identical with that of White for 
these primitive patterns. A button, two paper clips, and a piece 
of thread are all that are necessary to spin 3-inch discs cut from 
noncurling index cards. These parts are assembled as described 
in Figure 1, utilizing an old parlor trick. The disc must be care- 
fully cut, and the button carefully centered when cemented fast. 
The “‘motor”’ string is wound by wheeling the disc, and then if ten- 
sion is applied by hand ‘‘power” through the end clips, the disc 
spins rapidly. If the pull is relaxed harmoniously after an initial 
flexing—and some practice—the thread continually rewinds 
itself. This entertaining device easily develops over 1000 r.p.m. 
in rapidly reversing whirls of 3 or 4 seconds’ duration. The high 
speed can be verified from sound effects. Besides this siren dem- 
onstration, the device incidentally illustrates gyroscopic stabili- 
zation, and additive color effects if the curve areas are tinted. 
The thread itself demonstrates the existence of rapidly changing 
nodes in complexly blended linear vibration. The only wearing 
part is this severely twisted suspension, but surely the mainte- 
nance of this highly educational toy is worth a spool of thread! 


Three-dimensional views are illustrated by the use 
of photographic technique. A rotating mask, such as 
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FiGurE 1.—SImMpLE SPINNING MODEL FOR SHOWING PATTERNS WITH RADIAL NODES ONLY 


The radial curve is plotted in polar coordinates (arbitrary y units of angle) so that the curve area represents the correct circular in- 
tegration of the intensity. 
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the disc in Figure 1, is made by plotting all radial curves 
above the x-axis. Then these areas are cut out to make 
exposure windows. A negative is centerpinned under- 
neath, and the exposure is varied (by time or dia- 
phragm) according to the lateral wave intensity as the 
mask is rotated. Demonstration discs printed from 
this negative are spun on their vertical axis diameter 
(polar axis), conveniently with a laboratory stirrer hav- 
ing a slotted shaft. Meridian nodes may be shown with 
stroboscopic illumination; or, in static models, by ex- 
posing a set of disc prints according to the meridian 
variation, then cutting into halves and slotting them 
into a common equatorial disc. 

Simpler disc patterns may be made by repeating the 
radial curve a large number of times in the manner sug- 
gested by Figure 3 of the first paper (1). While this 
model is more approximate, it probably is more in- 
structive, as the same pattern-repeating principle may 
be applied to discs to illustrate the meridian nodes 
(uniformly black discs.) 


D. Color Effects 


Multicolor schemes can be employed to distinguish 
the magnetic alternates, spin alternates, and complex 
conjugates in spinning models. The ‘‘resolved’’ and 
“merged” relations also can be shown in such models. 
For example, the ‘‘resolved”’ positive areas may be dis- 
tinguished by blue (+s) or green (—s) color while all 
minus areas retain the red color of the previously illus- 
trated (resolved) patterns, these same colors showing 
clear through the disc. Then when spun, the “‘merged”’ 
pattern is revealed in lilac (+) and tan (—). Patterns 
without meridian nodes have opposite colors on the cor- 
responding reverse side of the disc, still alternating 
with blue or green to show plus or minus spins, respec- 
tively. This coloring system is explained in Figure 2, 
and other variations may be employed to emphasize 
different properties. These color-mixing effects are 
most striking if the nodal background is blacked out 
with an air brush, after the regions are flat colored as 
indicated. 


SECTION V.. ATOM-BOUND ELECTRONS 


The need for a fourth quantum number becomes 
evident in designing the simple disc models (with re- 
solved patterns). Each region in the pattern marked 
off by spherical, conical, and meridian nodes has a 
characteristic algebraic sign. Thus for each pattern, a 
second alternate with over-all opposite sign, should 
exist in the same phase time. This distinction is indi- 
cated by the fourth and final sign or spin quantum num- 
ber. 

The Dirac theory (9, 10) (Section II, 11), which gave 
theoretical justification for this fourth number, intro- 
duced a welcome refinement to explain how the electron 
passes the nodal regions; but this relativistic improve- 
ment also introduced some complications and changes. 
Using C. G. Darwin’s formulation, the new probability 
distribution is a sum of four Schrédinger-like products: 
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+ vos* 


Dirac pY* = Yiyi* + Yoyr* + yas* 


Also, in this Dirac model as in the vector model, the 
spin quantum number s has a finite numerical magni- 
tude: unity in a very strong magnetic field, degenerat- 
ing to '/. in weak fields (normal states). Asa result, the 
spin-corrected distribution patterns remain essentially 
as previously described (with finite minima at the 
nodes) only if s has the same direction as / and the same 
sign as m. Otherwise they have one less linear node if 
$s; opposes / (7 = 1 — 5s), or if Sm does not have the same 
sign as m (m,; = m — s). When the latter is true the 
loss is a meridian node: Thus, in the normal weak field 
lis displaced by j, and m by m,, as with the vector model 
axes (Section I, E). These differences will be evident 
from a study of Table 1, and from comparison with the 
vector model illustrations (Part II, Figures 2 and 4). 
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FiGuRE 2.—CoLor SCHEME FOR DISTINGUISHING RESOLVED Vs. 
MERGED PATTERNS 


R=Red G=Green B=Blue T=Tan L=Lilac 

For an elementary understanding, these relativity- 
corrected patterns are unnecessary and (like relativity 
itself) tend to be confusing. For example, pattern 
(mlym,+5;) is identical except in size with (m2l2m2—s;). 
However, these corrected patterns more closely resemble 
the vector model dynamic views (Section II, E) and 
thus give a better accounting for the spectroscopic 
“doublet” grouping of energy levels. 


SECTION VI. THE PLAN OF THE PERIODIC SYSTEM 


The introductory summary (1) showed how the sim- 
ple Schrédinger wave patterns account for every atom 
in the Periodic System. It must be emphasized that 
these patterns do not embody the complicating rela- 
tivistic spin corrections, nor the distorting effect of inner 
layers of electrons. They are hydrogen-like (point- 
nucleus), spin-free, or nonrelativistic patterns, correctly 
scaled to a uniform radial maximum. Hartree’s famous 
calculations for real atoms (4) showed that the distort- 
ing effect merely pulls the inner spherical nodes closer 
to the nucleus; the atom’s total charge pattern—show- 
ing the ayer maxima—is simply the sum of individual 
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- electron distribution patterns, each adjusted to the vary- 
ing effective nuclear charge. 

The empirical sequence measure n + ] — 1/(l + 1) 
showed the correct order of the subgroups, but not the 
pattern sequence within any subgroup. Table 1, col- 
umn 1, shows this pattern sequence, as deduced by 7 


TABLE 1 


SPIn-FREE AND Sprn-CORRECTED DIFFERENCES (FOR PATTERNS WITH No 
SPHERICAL NoDEs) 


Weak Magnetic Field 


Strong Field (s = +1) (s = 1/2) 








Weak Field Pattern Spin- = Nodes Spin-corrected nodes 
Pattern No. no. l Su Sj m'’ j 

5 6 | 0 - - 0 0 1/2 

6 7 1 +1 = ~ 0 0 1/2 

7 5 1 —1 - + -1 1 11/2 

8 8 -1 + + 0 1 11/2 
21 22 2 —1 - - -1 1 11/2 
22 23 2 0 - - 0 | 1'/, 
23 25 2 +1 - - 0 1 11/2 
24 27 2 +2 - - +1 1 11/2 
25 21 2 —-2 - + —2 2 21/2 
26 24 2 -2 + + =-1 2 21/2 
27 26 2 -1 + + 0 2 21/3 
58 59 "ot = —2 2 2/s 
59 60 3 -1 - - -1 2 21/3 
60 62 3 0 - ~ 0 2 21/2 
61 64 3 +1 - o— 0 2 21/3 
62 66 3 +2 - - +1 2 21/2 
63 67 3 +3 - a +2 2 21/2 
64 58 3 -3 _ + -3 3 31/2 
65 61 3 -3 + 4+ -—2 3 31/2 
66 63 3 —2 + + -1 3 31/2 
67 65 3 -1 + + 0 3 31/2 


and m; for the normally weak or negligible magnetic 
field. Alternatively, column 2 shows the strong field or- 
der (m + 2sm), applicable when the spin-orbital inter- 
action is broken and the spin quantum number has its 
limiting unit value (2s»,). 


SECTION VII. THE MATHEMATICAL EQUATIONS 


Students are not expected to perform atomic weight 
determinations before they first use the atomic weight 
table, nor evaluate trigonometric and logarithmic func- 
tions before they use those tables. Nor need they de- 
rive the Schrédinger equation in order to understand 
its surprisingly simple solutions. The spherical har- 
monic equations and solutions were developed long 
ago—introduced by Laplace in 1785 and extended by 
Legendre from then on until 1827. They are discussed 
in great detail in many source books, with (18, 19, 20, 
21, 22) and without (23, 24) reference to the atomic 
structure applications. The problem for the chemical 
reader is to make a satisfying condensation rather than 
further elaboration, and the following paragraphs repre- 
sent an effort in this direction. Glockler (25) gave an in- 
teresting introduction to the Schrédinger wave equa- 
tion, stressing familiar mechanical applications and 
similarities in the analytical methods. In the appended 
discussion by W. A. Noyes, Jr., the revealing point was 
stressed that students should first have ‘‘a real appreci- 
ation and feel for physical phenomena”’ before the rig- 
orous mathematics. The illustrations and sequences in 


this presentation (1) were drawn up with this thought 
foremost in mind. 
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A. The Schrédinger Wave Equations 


De Broglie initiated the matter-wave concept by 
combining the relations of Planck and Einstein as in- 
dicated in Section II, 9. Then Schrédinger put de 
Broglie’s definition of electronic wave length into the 
classical wave equation, in order to discover the atomic 
energy-space relations (Section II, 10). 

The classical differential equation for wave motion of 
any kind is a very fundamental expression. It is used 
not only in the analysis of true waves of all kinds (me- 
chanical vibrations, sound, heat, light, and electricity), 
but also in single pulses, in fluid flow, heat flow, and the 
basic “equation of continuity.’ (When written as 
shown below, it even suggests the relativity definition 
of time as part of a fourth dimension of length. The 
space-time ‘‘distance interval” or ‘‘event length” is: 


aids? = dx? + dy* + dz* + c*dt? 


where the imaginary 7 marks off the distinction that we 
cannot “go backwards” in time.) 

The wave equation states that any kind of intensity 
variable or field potential y (such as displacement, 
pressure, temperature, concentration, density, electric 
or magnetic field strength) must have its second partial 
derivatives with respect to the space-time coordinates 
related as follows: 

oy , oy 10% 

ost + gt t dat ~ gt on =O 
Usually the terms involving the space coordinates x, 
y, 2 are abbreviated as V ¥y, called the Laplacian (of y). 
The operator V (‘‘del’’) symbolizes the gradient (of a 
scalar y) or the divergence (of a vector y); that is, 


V =0/dx + 0/dy + 0/dz 
Now standing waves are a periodic function of time 


(%: = ae~***") so this ¢ variable can be eliminated by 
the following identity: 


_ oy 2ru 
of VX =) ¥ 

Hence for standing waves of all kinds, 
vy + ry = 0 


Schrédinger replaced the wave length \ for station- 
ary, atom-bound electrons by its de Broglie equivalent 
in terms of electric charge} Qe, radius r, and total en- 
ergy e, employing Hamilton’s action analysis: 





h? h? 
w= (4) = sa ~ 2m(e — €p) ie 2m(e + Q?/er) 
Substitution gives the usual form of the general Schré- 


dinger equation: 
a (« +£ -) ¥=0 


The tedious tasks ie begin with this—transforming 
to polar spherical coordinates (Cartesian solutions are 











t The dielectric « should: not, be: ranhuaed with the Naperian 
€, mentioned elsewhere. : i 
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almost impossibly difficult), factoring into functions of 
the separate variables (¢, 8, and r), and finding the 
“finite, continuous, and single-valued” proper or char- 
acteristic or eigen functions with corresponding eigen- 
values. 

Once obtained, the final results are surprisingly sim- 
ple and easy to understand. It is something like dis- 
covering that the awesome-looking quantity (with co- 
efficients adding to unity) 


82 cos* @¢ — 48 cost ¢ + 18 cos? ¢ — 1 


is simply cos 6¢, defining a meridian pattern with six 
nodes. 


B. The Meridian Function of the Equatorial Angle or 
Azimuth @ 


The meridian variations in the wave intensity py, 
are easiest of all to describe, being determined by a 
single quantum number m; showing simple sine or co- 
sine variations between equidistant nodes which dis- 
appear in the resulting distribution function yy*. 


This last property is evident from the mathematical | 


definitions: 
Yo = eimdé =cos md + isin mo\ yy 7 
Yo* = € imé = cos mp — isin md! 
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The meridian normalization factor Ng also is the sim- 
plest and most understandable of all three such factors. 
This is an adjusting constant which makes the total 
probability (the area under the curve yy, vs. ¢) equal 
to unity for the one electron each pattern represents. 
Since the point probability in this case is everywhere 
unity from zero ¢ to 27 (360°), the area of this simple 
rectangle is 27 instead of one, as desired. Thus each 
wave function must be reduced by the amount 1/+/2z. 
This is the meridian ‘‘shrinkage’’ factor Vg. 


C. The Lateral Function of the Latitude Angle 0 


Meridian nodes do have a lasting effect in “carving 
out the core’’ or pushing the wave intensity and nodes 
from the poles toward the equatcr. This is shown in 
patterns nos. 2, 10, 26, and 71 (1). Thus m enters as 
sin”@ in the lateral function, which also contains an 
associated Legendre polynomial defined by c and l. 
Thus the complete lateral wave function is 


¥, = N,sin™ @ (K* Polynomial) 
where 


K 
ye 


cos 6 
1 — m = number of co.1ical nodes 


(r=0.265 ox ANGSTROMS) 


on 


(DISPLACEID AS INDICATED) 








Ficure 3.—ANGULAR AND RaprAt Nopges Drawn To SCALE (FOR NUCLEAR CHARGE Z = nN) 


Each /-row is tilted so that the upper end shows its initial filling posi- 


Outermost broken circle shows position of radial maxima. Ap) } 
Meridian nodes are shown by single dotted 


tion and the lower end its ultimate (packed) position. 
vertical line. 


Note the continuity of 2-values. 
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TABLE 2 
Roots OR NODES IN THE RADIAL WAVE EgQuaTION (IN TERMS OF THE RADIAL Ratio X = 2Zr/nro) 
Linear 
Nodes Finite Spherical Nodes 
l p=1 —p=2 p= 3 p=4 
0 2 1.268 4.732 0.936 3.306 7.759 0.743 2.571 5.733 10.95; 
1 4 2.764 7.236 2.141 5.314 10.545 1.756 4.26 8.06 13.92 
2 6 4.354 9.646 3.476 7.320 13.204 2.93 5.93 10.34 16.8 
3 8 6 12 4.85 9.32 15.79 
4 10 7.68 14.32 
b= 5 = 6— 
0 0.617 2.113 4.612 8.40 14.26 0.528 1.796 3.87 6.85 11.25 17.70 
1 1.50 3.57 6.56 10.9% 17.41 1.31 3.09 5.58 9.01 14. 21. 
2 2.5 5.1 8.4 13.4 20.4 
p=7 
0 0.46 1.57 3.35 5.84 9.27 14.3 21.2 
—_— p=8 
0 0.4 1.4 2.8 ae 8.0 11.6 17.3 24.7 
a = 2l — 1 = number of conical patterns for given / p = n — 1 —1 = number of finite spherical nodes 
e — p = 21+ 1 = number of possible patterns with / nodes 
a+2 e = n +1 = simple measure of pattern sequence 


No 


(a — 2)(a — 4)...(1) Vato 


The Legendre polynomial may be obtained from the 
following series form (with the given normalization con- 
stant): 





7 c(c — 1) i c(c — 1)(c — 2)(c — 8) sical 
= er + 2-4(a — 2) = 
c(c — 1)....(e — 5) wet ee: 





2-4-6(a — 2)(a — 4) 


Up to c = 5, the generalized polynomials and roots 
(nodes) are: 


c= 1 2 3 4 5 


Equation: K | aK? aK 3 15K 
=- 1 |— 3K CRS OR ag aK’ — 10K? + 73 


2 
0 and 

3(, . ./2@ — 3) 2(a — 5) 

(1 3(a — >) (1 = Vo ~ ®) 

Once the nodes have been evaluated, curves can be ob- 

tained on semilog paper (log y vs. 6) by using a template 


cut to trace the curve Y = +06 from each nodal point, 
then adding all resultant ordinates. 


Roots or 
nodes: 0 and 
(cos? 0) = O| 1/u 3/a 








D. The Radial Wave Function 


The lateral and meridian functions usually are com- 
bined as a single spherical harmonic Yo, with major (6) 
and minor (@) nodes indicated by cand m. The radial 
function is curiously similar in containing: (1) major 
(finite spherical) and minor (linear) nodes, measured by 
pand/; (2) anormalization constant N,; (3) a simple 
power function of the radius, X' (like sin” @); (4) an 
exponential, «~*/* (like ¢&™*); (5) an associated 
Laguerre or X? polynomial (like the Legendre K‘). 
These Laguerre polynomials also may be obtained from 
a simplified series form: 





Heke — 1) Xp-2 


p(p — 1)(p — 2)e(e — 1)(e — 2) 
2:3 


XP — peXr-1 





Xe-3 +, 
where 


Z is the effective nuclear charge 
x = 22Z1r/nre and { ro is the first Bohr radius, 0.53 A. U. 


The nodal values or X-roots for a large number of these 
factored Laguerre equations are given in Table 2 and 
illustrated in Figure 3. The complete radial wave func- 
tion, normalized for these equations, is as follows: 


vr = N,X'e—-X/2 (X, Polynomial) 
— .|(X/")’ 
~~? (oe 
Knowing the nodal values, and taking the other terms 


into account, curves can be drawn as described for the 
lateral function. 


where 





SECTION VIII. CHEMICAL ACTION 


The complexities of chemical action are appreciated 
more fully when the electronic complexities within each 
atom are shown. Wave mechanics enjoyed a successful 
start in accounting for chemical behavior by explaining 
chemical inertness mathematically, as due to a spheri- 
cally symmetrical and spin-balanced electron distribution. 
This uniform angular distribution for any completed 
(n, l) subgroup of patterns is shown in the sum of the 
corresponding Y,? equations. Counting all +m dupli- 
cates, this sum gives the expanded terms of (sin? 6 + 
cos? 6)', hence unit charge density for any value of / or 
6. Before squaring each wave function, any lower- 
powered term in it should be multiplied by the appro- 
priate power of (sin? @ + cos? 6), so that the exponent 
sum in each term is equal to]. The following case for 
the sum of all / = 2 distribution patterns is given as an 
example: 


squared 
Wave Function y > Distribution Function, y? 


es with ~/ */s sin? @ ——> 8 sin‘ 0/4 
3/. sin @ cos 0 Stee 
@ cos?@ — 1)/2 = 
(2 cos? @ — sin? @)/2—> sin‘ 6/4— 
TOTAL =1 = 
(sin? @ + cos? 6)? = 


3 sin? 6 cos? 6 


sin? 6 cos? @ + cos‘ 6 





4 sint 6/4+ 2 sin? 6 cos? 6 + cos‘ @ 


These instructive calculations also serve as a useful 
check on the normalization factors. For more advanced 
and very interesting applications, the previously cited 

















-~ oo ft He te eo’ Oo Oe lS OOo 


4 @s em, 65 = FSH A A 


- eee. die Stee Se ees a. de a a 





TION 


lese 
and 
inc- 


ms 
the 


uch 
ful 
ng 
ri- 
mn. 
ed 
he 
li- 


p2 








SEPTEMBER, 1945 


(1) contributions of Pauling in “atomic orbitals’ and 
Fajans in “molecular orbitals’’ should be reviewed. 


IX. SPECTROSCOPIC INTERPRETATIONS 


In Sommerfeld’s elliptical atomic orbits, his azi- 
muthal quantum number k defined the nuclear distance 
as n—k, the major to minor axes as ”/k, the orbital action 
as kh (or momentum kh/2z), and spectroscopic doublet 
separations as a?R.2'/nk?, where R. is the Rydberg 
constant, a the fine structure constant, and z the effec- 
tive nuclear charge. The new quantum mechanics 
showed that a good correspondence was obtained if k 
and k? were replaced by (/ + 1/2) and /(/ + 1), respec- 
tively. However, the perfecting Dirac theory showed 
that the vector model at best is only a good approxi- 
mation, made possible because two of Dirac’s four terms 
are negligibly small. The existence of these terms indi- 
cates the approximate nature of the mechanical inter- 
pretations (9). 

The four types of electrons (J = 0, 1, 2, 3) which ac- 
counted for all the Periodic System subdivisions also 
are sufficient to account for the thousands of lines in 
complex spectra. The correspondingly large number of 
resolved energy levels arises because every possible com- 
bination of separate wave patierns has a different mag- 
netic-field energy. Designating the four types as a, b, 
d, and f, if there are 2 patterns for a and 6 for ), there 
will be 12 for the ad configuration. Similarly, 20 for 
ad, 28 for af, 60 for bd, etc. Some combination possi- 
bilities are restricted by Pauli’s exclusion principle, 
hence in these cases the combination formula rather 
than simple multiplication must be used. The total 
number for just three electrons, calculated as above, is 
4960 magnetic levels or combination patterns, reducing 
to 698 field-free or L, levels, and 276 L terms, where L 
and J represent the vector sums of individual / and j val- 
ues. ft 

The rare earth atoms have all four types of ‘‘loose”’ 
electrons. Therefore it is natural to expect that the rare 
earth atoms with changing f electrons should give the 
most complex of all spectra, with the greatest known 
multiplicities (26). Harrison, Albertson, and Hosford’s 
analysis of the ionized cerium spectrum (27) accounts 
for 3600 of the observed lines—almost a hundred times 
as many as those in the primitive hydrogen spectrum. 
Yet this record-breaking number of identified lines 
arises from just 316 term levels, about a dozen configu- 
rations, and only three changing electrons of the above 
four types. Many finer details and bibliographies re- 
lating to atomic spectra will be found in the treatises 
of Pauling and Goudsmit (28), Condon and Shortley 
(29), and Candler (30), in addition to those previously 
cited (18, 22), and the more recent reviews by Meggers 
and Boyce (26). The Bureau of Standards’ outstanding 
analyses (31) are noteworthy because their inexpensive 
reprints are within the reach of every student. 





t From 32 single patterns (2 + 6 + 10 + 14) takem three ata 
31.30 _ 4960 three-electron combinations. 





time, there are 1.2.3 
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X. SPECULATIONS 
Living Fields or Behavior Patterns 


The most recent mathematical and philosophical 
theories (3, 5, 11, 12, 14, 15, 16) stress the field rather 
than the particle as the fundamental entity. Recent 
biological evidence strongly suggests the existence of a 
biological guiding field or living behavior pattern 
which in principle closely resembles the electron’s be- 
havior pattern: it arises in the living organism, ex- 
pands beyond the body boundaries, governs the growing 
processes, and transcends the material contents. 

The marvelous and mysteriously directed growing 
processes cannot depend upon predetermined disposi- 
tions of material structures, such as genes, enzymes, or 
hormones, for the dividing cells can be shuffled by 
squeezing, inverting, centrifuging, etc., yet the severely 
tormented cluster of cells develops into a normal em- 
bryo. If one of the original two cells is destroyed (Roux, 
1884) and removed (Herbst, 1900), the surviving cell 
develops into a normal individual; if two cells are con- 
stricted without further harm, twins may develop. 
Hans Spemann (32) has given very detailed descriptions 
of these remarkable embryonic behavior patterns, 
which are much too complex to more than mention here. 

Tissue transplantations give further evidence that the 
environment or living field pattern is the governing 
factor. Alexis Carrel’s famous isolated culture of em- 
bryonic chick tissue (begun in 1912) showed that iso- 
lated tissue maintains its vigorously growing embryonic 
character indefinitely, and never matures. If trans- 
planted to other parts of (another) embryonic body, the 
tissue may, (1) continue to develop its originally 
planned structure, (2) assume the new role of its new 
location, or (3) if mesodermic, induce the surrounding 
cells to develop a second embryo, oriented parallel to 
the first one! This embryonic induction also may be 
produced by killed tissue or a variety of pure chemicals. 
Undoubtedly cancerous growths, sex reversals, and ar- 
tificial fertilizations all are related transformations, 
since these also may be induced by a wide variety of 
physical, chemical, or electrical disturbances. 

An electric field is at least a part of this total living 
field. At the Yale Medical School, Burr, Lane, Nims, 
and Northrop (33) proved this with their ultrasensitive 
electronic microvoltmeter. Every living plant or ani- 
mal has a characteristic electric field pattern which ex- 
tends beyond the organism, fluctuates with the organ- 
ism’s activities, follows the animal axis in its potential 
gradient, and disappears at death. 

These electric potentials and complex organization 
potentialities certainly cannot be explained by the ma- 
terial contents alone. The living organism seems to be 
greater than the sum of its material parts, and the addi- 
tional factor may be this living field pattern. Gustaf 
Strémberg (15) reflects the opinion of a number of mod- 
ern philosopher-scientists that these numerous findings 
constitute evidence for a very profound basic pattern of 
connectedness uniting energy, matter, life, and mind. 

To the skeptic, these speculations indicate little more 
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than an active interest in the search for cosmic uni- 
fications, such as those postulated by Bohr, Planck, 
Eddington, and Einstein. But who in 1890 would 
have believed the. fantastic alchemy of radioactiv- 
ity? Or its incredibly horrible, war-ending atomic 


bomb! 
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Experiments with Selenium 


CHARLES H. STONE 


Vermont Junior College, Montpelier, Vermont 


HE chemical world owes much to Sweden. When 

modern chemistry was in its infancy, Karl Wilhelm 
Scheele (1742-1786), a Swedish apothecary, discovered 
chlorine, proved fluorine to be an element, and, before 
Priestley, discovered oxygen. To these discoveries we 
may add scandium by Nilsson; molybdenum by 
Hjelm; lithium by Arfvedson; terbium by Mosander; 
vanadium by Sefstrém. Arrhenius gave us the first 
successful attempt to clarify the mystery of ionization 
in solution, later to be much questioned through the 
researches of Debye and others; Svedberg won the 
Nobel prize for his investigation of the chemistry of 
colloids; von Euler shared the Nobel prize with Arthur 
Harden of England: the first for his work on enzymes 
and vitamins, and the second for an investigation of 
fermentation, sugar, and vitamins. Surely there is a 
record of which any country may be proud. 

Outstanding among the chemists of his native land 
stands that giant among chemists, Jéns Jakob Ber- 
zelius (1779-1848). To him we owe our present system 
of writing symbols and formulas. Also, he discovered 
the elements cerium, thorium, zirconium, and finally, 
in the sludge of the sulfuric acid plants a new substance 
which he named selenium, an element that receives little 
attention in our preparatory schools. 

Selenium is one of the elements in the sulfur family 
together with tellurium. The element is not at all rare 
and occurs mostly in the form of a black solid that has a 
conchoidal fracture; two of its forms are soluble in car- 
bon disulfide and sulfuric acid, but the amorphous form 
is not soluble in the disulfide. The molecular formulas 
for these forms are the same, Ses. 

Compared with the sister element, sulfur, there are 
marked resemblances. It will be remembered that the 
two crystalline forms of sulfur are soluble in carbon di- 
sulfide while the amorphous form is not. Sulfur boils 
at 444.7°C., while selenium boils at 688°C. Both sub- 
stances are brittle, and both form oxides when burned, 
respectively SO. and SeO:. The first is a gas while the 
second isa solid. Both of these oxides dissolve in water 
to form the respective acids, sulfurous and selenious, 
H2SO3 and H2SeO;._ Each of these acids may be oxi- 
dized, to HpSO, and H2SeQO, respectively. 

When the element selenium is treated with warm 
nitric acid 

4HNO; + Se > SeO, + 4NO, + 2H.0 


the oxide SeO. is formed, which dissolves in water 
to form the selenious acid. Heated with metals, 
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the element combines to form selenides just as sulfur 
forms sulfides. So we may prepare lead selenide, 
copper selenide, iron selenide, etc. These selenides, 
like the sulfides, are insoluble in water. Selenides are 
notably toxic, and must be handled with care. The 
selenides of the alkali metals, like the corresponding 
sulfides, are soluble, but with decomposition. 

Like sulfurous acid, selenious acid is unstable; also 
it can be oxidized or reduced. When sulfur dioxide is 
bubbled into a water solution of selenious acid, red 
amorphous selenium is formed and sulfuric acid. 


2H2SO; + H2SeO; — 2H2SO, + H:0 + Se 


The amorphous selenium may be filtered off, washed, 
and dried. 

When the red variety is heated it reverts to the more 
stable black form. When a solution of selenious acid is 
treated with hydrogen sulfide, yellow selenium sulfide 
is formed. 


H.SeO; + 2H2S — 3H2O0 + SeSe 
Treated with oxidizing agents, selenious acid is con- 
verted into selenic acid. 


H.SeO; + O 
(H.O2) 


—-— H2SeQ, 


With potassium permanganate we have 
5H2SeO; + 2K MnO, — K2SeO, + 2MnSeQ,; + 2H2SeO, + 3H2O0 


Just as sulfides treated with acid liberate hydrogen 
sulfide, selenides treated with acid liberate hydrogen 
selenide, the odor of which is far more unpleasant than 
that of hydrogen sulfide. Any experiment with hy- 
drogen selenide MUST be performed under the hood 
with a strong draft. Passed into hot solutions of the 
chlorides of cadmium, antimony, or arsenic, the char- 
acteristic selenides are formed corresponding to the 
sulfides of these metals. 

Solutions of selenic acid or one of its salts added to 
solutions of lead or barium salts produce the insoluble 
selenates comparable to the insoluble sulfates. 

One curious quality cf selenium should be mentioned. 
Under ordinary conditions the element is not a con- 
ductor of the electric current. A thin sheet of selenium 
properly connected by wires to a battery, however, will 
permit a weak current to flow when a bright light is 
directed against the sheet. It can be arranged to have 
this current pass through an electromagnet in such a 
manner that it will operate the switch of a relay, thus 

(Continued on page 448) 





The Introduction of Painless Surgery 


SISTER VIRGINIA HEINES 
Nazareth College, Nazareth, Kentucky 


... the fierce extremity of suffering has been steeped in the waters of forget- 
Julness, and the deepest furrow in the knotted brain of agony has been smoothed 
Jorever—OLIVER WENDELL HoimeEs (/) 


URGICAL anesthesia is a priceless gift to suffering 

humanity. The discovery came upon the world 
quite suddenly and because of its fitness for ready use, 
it was as welcome to the medical profession as sulfa 
drugs and penicillin are today. No other nation suc- 
ceeded in establishing a true claim to the honor. The 
achievement belongs to America, but a glance at the 
records brings to light an infamous blot of criticism 
heaped upon those early workers which can never be 
erased. Intervening years have dimmed the memory 
of the circumstances surrounding the discovery and 
caused the world to forget the difficulties and trials 
attending its introduction to surgery. Since the cen- 
tenary of the first use of ether in operations will occur 
on October 16, 1946, a brief sketch of this notable con- 
tribution to the history of medicine is timely. 

The idea of painless surgery probably began with the 
discovery of Sir Humphry Davy. At the Medical In- 
stitute in Bristol, England, he found that nitrous oxide 
gas was perfectly respirable. In his “Researches, 
Chemical and Philosophical,’’ published in 1800, he 
states: “‘As nitrous oxide gas, in extensive operations, 
appears capable of destroying physical pain, it may 
probably be used with advantage during surgical opera- 
tions in which no great diffusion of blood takes place” 
(2). 

Forty years later the exhilarating effects of laughing 
gas began to attract attention in America, and fur- 
nished the spark for independent experimentation with 
anesthetical drugs. Doctor Horace Wells; a dentist in 
Hartford, Connecticut, conceived the idea of using 
nitrous oxide in dentistry and gave a public demon- 
stration, in 1844, before a class in surgery at Cam- 
bridge College. The exhibition proved a failure and 
Wells abandoned the project. Doctor William T. G. 
Morton of Boston experimented with the use of ether 
in tooth pulling, and was convinced of its value for 
painless operations. Doctor Charles T. Jackson, a 
prominent geologist, chemist, and physician (3), also 
of Boston, gave definite information to Morton regard- 
ing the preparation and properties of sulfuric ether as 
it was then designated. Jackson knew nothing of the 
intense research that Morton was carrying on as a 
prelude to the introduction of the drug as an anesthetic. 
The latter made the sirst painless tooth extraction under 
ether on September 30, 1846, and was the anesthetist 
for the first successful operation under the agent on 
October 16, 1846, at the Massachusetts General Hos- 


pital in Boston. Later it became known that Craw- 
ford W. Long, a country practitioner of Athens, 
Georgia, had used ether in surgical operations at least 
eight times between the dates of March 30, 1842, and 
October 16, 1846. 

After etherization had been accepted by the medical 
profession, Wells and Jackson appeared upon the scene 
to file claim to the honor of discovery. A -veritable 
“war of pamphlets” (4) started and a maelstrom of 
bitter controversy engulfed the claimants for over two 
decades. It is not the purpose of this paper to revive 
any of the bitter contention but to present some of the 
interesting details connected with the discovery which 
might be lost in a general biographical account. 


I 


Nitrous oxide frolics were quite the vogue in the early 
part of the 19th century. The Hartford Courant ran 
the following notice one day in December, 1844 (5): 


A grand exhibition of the effect produced by inhaling NI- 
TROUS OXIDE, EXHILARATING OR LAUGHING GAS! 
will be given at Union Hall this (Tuesday) everiing, December 10, 
1844. 

TWELVE YOUNG MEN have volunteered to inhale the gas 
to commence entertainment. 

EIGHT YOUNG MEN are engaged to occupy the front seats 
to protect those under the influence of the gas from injuring 
themselves or others. 

N.B. The gas will be administered only to gentlemen of the 
first respectability. The object is to make the entertainment in 
every respect a genteel affair. 


That evening, an apothecary by the name of Abial 
Cooley was one of the volunteers. Under the influence 
of the gas he danced around the hall, running here and 
there, knocking himself against the chairs and benches, 
shaking the hands of his friends, even chasing some of 
them around the room, until finally, he fell exhausted 
into a seat beside Doctor Wells and his wife. When 
completely recovered Cooley was astonished to find 
that his legs were badly bruised as he had experienced 
no pain. Wells quickly caught the significance and 
questioned him closely as to the effects of the stupe- 
faction produced by the gas. »He asked Doctor Gard- 
ner Q. Colton, who was giving the chemical lectures at 
the time, why a man could not have a tooth pulled while 
under the influence of the drug. Colton replied that 
he did not know as the idea had never occurred to him. 
Wells was willing to have the effects tried on himself 
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and had Colton administer the gas to him the next day, 
while another dentist, Doctor John Riggs (for whom 
Riggs’s disease or alveolar pyorrhea is named), ex- 
tracted a molar tooth for him (6). On coming to, he 
exclaimed, ‘‘A new era in tooth pulling. It did not 
hurt me as much as the prick ofapin. It is the greatest 

discovery ever made” (7). 

The gas had been put into a rubber bag and ad- 
ministered through a horrible wooden faucet similar to 
the contraption used in country cider barrels. It was 
given in quantities just sufficient to exhilarate or 
stimulate the subject (8). The wife of Doctor Wells 
relates her own experience with these bags (9): “In 
the winters of 1844 and 1845, and repeatedly there- 
after, I made bags of Indian (rubber) cloth for my hus- 
band, to be used in administering this gas in dental 
surgery and frequently saw them in the hands of my 
husband when engaged in his profession.” 

The failure of the demonstration caused Doctor Wells 
to become discouraged. He gave up his dental practice 
and tried various occupations to make a living. At one 
time he was a bird fancier, traveling through towns 
with a troup of singing canaries; at another he at- 
tempted to sell shower baths and coal sifters during a 
public craze of hygienic conditions; finally, he went to 
Paris with the hope of buying European art treasures 
and selling them to collectors in the United States at a 
profit (10). While there he presented his claim to the 
discovery of anesthesia to the Academy of Arts and 
Sciences and that body conferred upon him an honor- 
ary M.D. (11). Fully 17 years passed before the use of 
nitrous oxide gas in dentistry was revived by Doctor 
Colton at the suggestion of Dunham of New Britain, 
and Smith of New Haven, Connecticut. In 1864 the 
Colton Dental Association was established in New York 
and it is on record that of the 150,000 patients who 
received the gas that year not a single death occurred 
(11). 

The termination of the life of Doctor Wells was a 
tragic one. The New York Tribune for January 25, 
1845, gives an account of his arrest for throwing vitriol 
on passing pedestrians, his suicide in a city jail, and the 
decision of the post-mortem examination. The jury 
“after a brief consultation rendered a verdict that the 
deceased came to his death while laboring under an 
aberration of mind” (12). This issue of the Tribune 
also contains several letters written to the paper by 
Wells the night of his death. He explains the reason 
for his arrest adding that he had always endeavored 
to keep his conduct above reproach, and felt that he 
could never live down this disgrace. In a letter to 
his wife, he said, “‘I feel I am fast becoming a deranged 
man or I would desist from this act. I cannot keep my 
reason and live.” 

An extract from a deposition that Mrs. Wells gave 
several years later, when urged to support her hus- 
band’s claim to the discovery of anesthesia, sums up 
the family history (9): ; 

I am the widow of Horace Wells, surgeon-dentist, of said city 
of Hartford, deceased. We were married on the 9th day of July, 
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From ‘‘Dr. Well’s, the Discoverer of Anesthesia,’’ Case, Lockwood, and Brain- 
7 ard, Printer, 1870 


A.D. 1838. We had one child, a son now living, named Charles 
Thomas, who is 13 years of age. Doctor Wells, my husband, was 
a native of New Hampshire and settled in said Hartford, as a 
dentist, some years before our “marriage. He had a large, ex- 
tensive, and lucrative practice which he pursued for several years, 
until he was obliged to abandon it on account of ill health. He 
was incessantly engaged in extracting teeth with this agency, 
and in trying experiments on himself and others. He would lie 
awake nights and often abruptly leave his meals to hasten to his 
office. 


eee eeee 


My husband died in New York, January 24, 1845. He became 
insane, and I verely believe by reason of the opposition of Morton 
to his discovery. I also believe that his health was greatly im- 
paired with the experiments which he made on himself with the 
gas, ether, and chloroform. 

Many verified the statement of Mrs. Wells that her 
husband had become an addict of chloroform through 
the incessant use of the drug for demonstration pur- 
poses. He had been on the verge of a great discovery 
but ridicule of the first failure brought discouragement. 


II 


Scientific tendencies frequently manifest themselves 
in early years. Hugh H. Young in the Bulletin of the 
History of Medicine for July, 1942, relates an incident in 
Crawford Long’s childhood that may have been retold 
in the family circle and thus fixed the thoughts of the 
growing boy definitely on medicine as a profession. 
At the age of five he accidentally severed completely 
three fingers on the hand of his little sister with a 
hatchet. Instead of running away he grasped the 
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bleeding members and held them in position while his 
mother coated the fingers with sugar and bandaged 
them. The sugar, a preventive of decomposition, 
proved a good antiseptic, as a perfect healing resulted 
with no deformity (13). 
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FRONTISPIECE OF PAMPHLET BY J. MARION Sims, M.D., 1877 


Crawford Williamson Long was born in the southern 
village of Danielsville, Georgia, on November 1, 1815. 
After completing his early education in his native 
clime, he traveled on horseback to Lexington, Ken- 
tucky, to matriculate at Transylvania University, then 
one of the three medical schools in the country. This 
school numbered among its distinguished faculty Ben- 
jamin Winslow Dudley, as Professor of Surgery. A 
few miles away in Danville lived the famous Ephraim 
McDowell, who was the first surgeon to perform an 
ovarian tumor operation successfully. From Transyl- 
vania, Long went to the University of Pennsylvania 
and from there received his M.D. in 1839. After 
graduation he spent some time in New York City ob- 
serving and performing operations, and in 1841 re- 
turned home to open an office in the isolated town of 
Jefferson, Jackson County, Georgia. 

One day the friends of Doctor Long proposed to 
carry out a nitrous oxide frolic in his room. He told 
them he had neither the gas nor apparatus to prepare 
it, but could offer them some sulfuric ether which he 
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considered a good substitute. The young men inhaled 
the ether, hilarity ensued, and several of them received 
severe bruises, which the observant eye of Long noted 
did not seem to cause them any discomfort while they 
were under the influence of the drug. He at once drew 
the conclusion that it must have the power of producing 
insensibility to pain and decided to give it a test in his 
surgical operations. 

On March 30, 1842, he administered it to a patient 
by the name of James Venable before removing a small 
cystic tumor from the back of the neck. Long said: 
“When giving it to Venable with one hand I held the 
towel over his mouth and nose permitting him to 
breathe a little fresh air as he inhaled the drug: I kept 
my hand upon his pulse. When he became insensible 
to the prick of a pin, I operated. As an inducement to 
Venable to allow himself to be the subject of such ex- 
periment, my charge for the operation was merely 
nominal” (14). The record in an old account book 
shows the transaction (15): 


March 30, 1842 James Venable 
Ether and excising tumor... 5... cece cence. $2.00 
May ISth. “Sulv ther. ci .ia so osdscdy. BEG 
June 6 Gncising tamer: ::. il eas ae ie lie ad 


The first operation had been so successful that Venable 
permitted Doctor Long to remove a second tumor from 
his neck several months later. 

Between March, 1842, and September, 1846, Doctor 
Long performed eight operations with the use of ether. 
He did not publish his results until his attention was 
called to a controversy that had arisen over the claims 
of Doctor William T. G. Morton of Boston as the dis- 
coverer of anesthesia. Long contributed a paper to 
the Southern Medical and Surgical Journal under the 
title of ‘‘An account of the first use of sulphuric ether 
by inhalation” (16). In an article read by him at the 
meeting of the faculty of the Georgia Medical College 
in 1846, he explains his delay of publication (13): 


The first notice I saw of the use of ether or rather of Doctor 
Morton’s “‘letheon”’ as an anesthetic, was in the editorial of the 
Medical Examiner for December 1846, in which the editor gives 
the following extract from a paper by Doctor H. J. Bigelow con- 
tained in the Boston Journal. ‘‘The preparation is inhaled from 
a small two-necked glass globe, and smells of ether and is, we 
have littie doubt, an etherealsolution of some narcoticsubstance.”’ 


I commenced a communication to the Medical Examiner for 
publication in the journal to notify the medical profession that 
sulphuric ether, when inhaled, would of itself render surgical 
operations painless, and that it had been used by me for that pur- 
pose for more than four years. I was interrupted when I had 
written a few lines, and was prevented by a laborious country 
practice from resuming my communication until the Medical 
Examiner of January 1847 was received. ... It contained 
several articles giving accounts of different experiments in ether- 
ization, in which surgical operations were petformed without 
pain. On reading this article I determined.to wait for a few 
months before publishing an account of my discovery in order to 
learn whether any surgeon would present a claim to having used 
ether in surgical operations prior to the time it was:used by me, 
but as no account has been published, so far as I have been able 
to.ascertain, of the inhalation of ether being used to prevent pain, 
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in surgical operations as early as March 1842, my friends think I 
would be doing myself injustice not to notify my brethren of the 
medical profession of my priority in the use of ether by inhalation 
in surgical operations. 


In the spring of 1854 Doctor Jackson, one of the 
claimants from the New England States, visited Long 
several times at his home in Athens, Georgia, with the 
purpose of comparing notes on priority of discovery. 
When leaving the office the last time, Jackson said, 
“Well, Doctor, you have the advantage of us other 
claimants to the first discovery and use of sulfuric ether 
as an anesthetic, but we have the advantage of having 
first published it to the world” (17). Doctor Long re- 
marked later, ‘‘My claim to the discovery and the use of 
sulfuric ether rests upon the facts of my use of it on 
March 30, 1842, of which I have published indisputable 
evidence under oath and from reputable citizens’’ (18). 
Jackson said of him, ‘‘He is a very modest and retiring 
man and not disposed to bring his claims before any 
but a medical and scientific tribunal’’ (19). 

Many years passed before Doctor Long’s work was 
known to the public. We have some interesting details 
of his life from the pen of his daughter: 


From an exceedingly well-written paper by Doctor Hugh 
Young of Baltimore, who had access to all the material relating 
to my father’s discovery, read before the Johns Hopkins Histori- 
cal Society, November 8, 1896, I quote the following: ‘‘Long’s 
work was unknown to the world until 1877, when J. Marion Sims, 
learning of him through accident, investigated his claims, was 
fully convinced of their merit, and vigorously demanded their 
recognition by the medical profession.’’ His paper appeared in 
the Virginia Medical Monthly, May 1877.... 

Although my father held himself aloof from the notorious 
ether controversy, ‘in his spare moments he vigilantly safe- 
guarded his own claims by procuring evidences from witnesses of 
operations which he had performed upon patients anesthetized 
by the inhalation of sulphuric ether... . 

He went calmly on his way tending the sick, caring for his own, 
sure of himself, confident and fair to all, generous even to op- 
ponents, courteous even to critics. 


To justify his delay of publication, Doctor Long 
often said: ‘‘Had I been engaged in the practice of my 
profession in a city, where surgical operations are per- 
formed daily, the discovery would, no doubt, have been 
confided to others, who would have assisted in the ex- 
periments; but occupying a different position, I acted 
differently, whether justifiable or not’’ (20). 

Doctor W. H. Welch remarked of him at the cele- 
bration of Ether Day’in Boston, 1908 (21): 


Long is necessarily deprived of the larger honor which would 
have been his due had he not delayed publication of experiments 
with ether until several years after the universal acceptance of 
surgical operations. While the accepted rule that scientific dis- 
covery dates from publication is a wise one, we need not in this 
instance withold from Doctor Long the credit of independent 
and prior experiment and discovery, we cannot assign to him any 
influence upon the historical development of our knowledge of 
surgical anesthesia or any share in the introduction to the world 
at large of the blessings of this matchless discovery. 


DoctorSims, arenowned gynecologist, wrotea pamphlet 
entitled, ‘“History of the Discovery of Anesthesia’’ (4), 
distributed it here in the United States, and took it with 
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him to Europe. This brought the werk of the Southern 
doctor prominently before the world, but the recogni- 
tion had come too late for him to enjoy it. He died the 
next year on June 16, 1878, while in the act of ad- 
ministering the anesthetic to a patient. 

Several years went by before the South awakened to 
the fact that a great discoverer had lived and died in its 
midst. The Legislature of Georgia, in 1907, selected 
Long and Alexander Stephens, his roommate at 
Franklin College, now the University of Georgia, to be 
the honored sons of Georgia in Statuary Hall in our 
nation’s Capitol. On June 14, 1921, a medallion monu- 
ment was erected on the main driveway facing the old 
Chapel where he had graduated 86 years befcre. A 
beautiful statue of Doctor Long was unveiled on March 
20, 1926, by his two daughters, Frances Long Taylor 
and Emma Long. The same year a plaque was ac- 
cepted by the University of Edinburgh from the 
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From ‘‘Dr. Jackson’s Discovery of Ether’’ by William Barber, National Maga- 
zine, Oct., 1896, Bostonian Publishing Co 


Southern Society of Clinical Surgeons. On April 15, 
1926, another memorial was unveiled in the quaint 
courthouse yard of his birthplace, Danielsville, Georgia, 
and in 1940 the United States Government issued a 


432 





pete SLE? 


L: 


Steel engraving from “Trials of a Benefactor’ by Nathan P. Rice, Pudney and 
Russell, New York, 1859 


commemorative postage stamp on which Doctor 
Long’s picture was produced (13). 


III 


By whom pain in surgery was averted 
and annulled, 
Before whom, in all time, surgery was 


agony, 
Since whom science has control 

of pain. 

{Inscription on Dr. Morton’s monu- 
ment erected by citizens of Boston in Mt. 


Auburn Cemetery—written by Dr. Henry 
J. Bigelow (22).] 


William Thomas Green Morton was born on a farm 
in the township of Charlton, Massachusetts, August 9, 
1819. The boy had a great desire to study medicine, 
but after completing his elementary education in two 
academies, Northfield and Leicester, was obliged to 
leave school because of the business reverses of his 
father. In August, 1840, the American Society of 
Dental Surgeons was organized, and accepted the 
Baltimore College of Dental Surgeons as its first mem- 
ber. Morton read of this and conceived the idea of 
using some money left him by an aunt to study den- 
tistry. By this profession he hoped to save enough to 
study for a medical degree. After graduation from the 
Baltimore college he returned to Boston to open a 
dental office in copartnership with Doctor Horace Wells 
of Hartford. “The business end of this agreement did 
not succeed and the partnership was dissolved a year 
later. 
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Steel engraving from ‘‘Trials of a Benefactor” by Nathan P. Rice, Pudney and 
Russell, New York, 1859. 


Wm. T. G. Morton, M.D., Boston, MAKING THE First 
PuBLic DEMONSTRATION AT THE MASSACHUSETTS GENERAL 
HospPITAL SURROUNDED BY THE MEDICAL STAFF OF THAT In- 
STITUTION. LEFT TO RIGHT: Drs. HENRY J. BIGELOW, A. A. 
GouLp, J. MASON WARREN, JOHN COLLINS WARREN, WILLIAM 
MORTON, SAMUEL PARKMAN, GEORGE HAYWARD; RIGHT FRONT, 
Dr. §. R. TOWNSEND. 


At the very outset of his career Doctor Morton set 
about finding some way to lessen the pain caused by 
the extraction of teeth. James G. Mumford in his 
“Narrative of Medicine in America” (23) tells that it 
was customary in those days for dentists when fitting 
false teeth to place them upon gold plates set directly 
above the fangs of the old teeth. Doctor Morton ob- 
tained a new kind of solder for attaching the teeth, 
which was of the same material as the plate itself. In 
the old arrangement a galvanic action was often set up 
between the solder and the gold plate, so that a black 
line formed around the base of the teeth. To demon- 
strate the use of the solder satisfactorily, he saw that the 
fangs of the old teeth would have to be removed. But 
few persons had the stoicism to undergo the ordeal, 
and preferred to have the teeth soldered to the old roots 
rather than to endure the pain of extraction. 

In July, 1844, a Miss Parrott of Gloucester called at 
Morton’s office to have a tooth filled. Her keen sensi- 
bility to pain caused him to apply ether to the affected 
part. This use of ether was no secret as other dentists 
were using “ether drops’ freely (1). Morton noticed 
that when he probed into the sensitive part of the bone 
with his instrument no pain was-felt by the patient. 
She said to him, “Doctor, I neither feel the instrument 
in the tooth nor your hand on my face, though I plainly 
see it in the looking glass’’ (24). The idea instantly 
occurred to him “‘like a grasp of steel” that possibly the 
whole human system could be brought under the in- 
fluence of the drug in cases of greater and more diffuse 
pain. During that summer while visiting his father- 
in-law’s farm in Framington, Connecticut, he carried 
on numerous experiments with the etherization of in- 
sects, birds, and.dogs, but reached no conclusion. His 
dental practice was now thriving and he decided to 
begin work toward the coveted M.D. On his return 
to Boston that fall he matriculated at the Harvard 
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Medical School. The great need for an agent to pro- 
duce insensibility to pain during surgery was brought 
home to him more than ever as he witnessed the lecture 
demonstrations at the Massachusetts General Hos- 
ital. 
' The failure of Doctor Wells only served to stimulate 
Morton to renewed energy. In the spring of 1846, he 
went to his farm in Wellesley to start a new line of ex- 
periments and was so successful that on his return to 
Boston he asked Doctor Granville G. Hayden, another 
young dentist, to take charge of his business for a while. 
In early August he bought from Joseph Burnett, a re- 
liable apothecary, some sulfuric ether and induced his 
two students, William P. Leavitt and Thomas B. 
Spears, to inhale it from a handkerchief (25). The 
effects produced stupefaction but caused too great 
excitability. Thinking that surer effects might be pro- 
duced through some kind of an inhaler, Morton had a 
Mr. Wightman fashion a quart tubulated globe re- 
ceiver. It was tried but with no better results. Doc- 
tor Morton then decided to consult Doctor Jackson. 
Doctor Charles T. Jackson of Boston was not only a 
physician but a chemist and geologist of high reputa- 
tion. He had been appointed State Geologist of Maine, 
Rhode Island, and New Hampshire, and had set up a 
laboratory for research in analytical chemistry. Jack- 
son “possessed the inventive faculty; the habit of in- 
cessant investigation, the capacity of getting fruitful 
results; and the ability to suggest successful expedients 
to others” (26). He was a brilliant conversationalist 
and his open-way of relating scientific facts must have 
been advantageous to his young assistants. He had 
been interested in the properties of ether for several 
years. On one occasion after using it to overcome the 
effects of chlorine gas, he deliberately inhaled it to 
unconsciousness for the sake of observing the phenom- 
ena further. ‘‘He found that the vapor washed free of 
alcohol and acids and mixed with a considerable quan- 
tity of atmospheric air could be inhaled with entire 
safety to the extent of somewhat prolonged unconscious- 
ness, and that by it the sensory nerves were incapable 
of feeling pain even before consciousness was quite lost 
and a little while after it was regained. He communi- 
cated this to apothecaries, dentists, manufacturing 
chemists, and people suffering from toothache” (27). 
Doctor Morton tells of his visit to Jackson’s labora- 
tory in a Memoir to the Academy of Arts and Sciences 
at Paris (28). a 
In the meantime I became satisfied that the bottle and glass I 


had were not large enough for my purpose and not wishing to go 
to unnecessary expense, I said to Dr. Hayden that I would borrow 


a gas bag from Dr. Jackson’s laboratory, also with the intention 


of ascertaining something more accurately as to the different 
preparations of ether, if I could find I could do without setting 
him upon the same track of experiments with myself. Iam aware 
that by this admission I may show myself not to have been pos- 
sessed by the most disinterested spirit of philosophic enthusiasm, 
clear of all regard for personal rights or benefits; but it is enough 
for me to say that I felt I had made sacrifices and run risks for 
this object, that I believed myself to be close upon it, y&t where 


another, with better opportunities for experimenting, availing 


himself of my hints and labors, might take the prize from me. 
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He obtained the loan of the bag from Doctor Jackson 
and as he was leaving the laboratory, Jackson said, 
“Well, Doctor, you seem to be all equipped, minus the 
gas.” Then followed a conversation that was to be 
repeated many times later to ascertain how much 
Doctor Jackson had contributed to the discovery. 


Seeing an opportunity open, I said in as careless a manner as I 
could assume, ‘“‘Why cannot I give ether gas?” He said that I 
could do what I pleased with him [the patient] that he would not 
be able to help himself. Finding the subject open I made the 
inquiries I wished to as to different kinds and preparations of 
ether. He told me something about the preparations and think- 
ing that if he had any it would be of the purest kind, I asked him 
to let mesee his. Hedidso, but remarked that it had been stand- 
ing sometime and told me he could recommend something better 
than the gas-bag to administer the ether with, and gave me a 
flask with a glass tube inserted in it. 


Taking Jackson’s advice, Morton obtained some pure 
ether after finding that the first sample he had used 
contained alcohol and sulfur acids as impurities. This 
same day of the visit to Jackson, September 30, 1846, 
he shut himself up alone in a room to make the experi- 
ment on himself (29). 


Taking the tube and flask, I shut myself up in my room, seated 
myself in the operating chair and commenced inhaling. I found 
the ether so strong that it partially suffocated me, but produced 
no decided effects. I then saturated my handkerchief, and in- 
haled it from that. I looked at my watch, and soon lost con- 
sciousness. As I recovered I felt a numbness in my limbs and a 
sensation like nightmare, and would have given the world for 
somebody to come and arouse me. I thought for a moment I 
would die in that state and that the world would only pity or 
ridicule my folly.... I gradually raised my arm and pinched my 
thigh, but I could see that the sensation was imperfect. I at- 
tempted to arise from the chair but fell-back. I immediately 
looked at my watch and found that I had been insensible between 
seven and eight minutes. : 


Highly excited as to the successful results, Doctor 
Morton determined to continue investigation on the 
wonderful substance before going home that day. 
Toward evening a man by the name of Eben Frost 
came into the office. He was suffering from the tooth- 
ache and begged Morton to mesmerize him before the 
extraction. His testimonial tells what took place (30): 


This is to certify, that I applied to Doctor Morton at 9 o’clock 
this evening suffering under the most violent toothache that Dr. 
Morton took out his pocket-handkerchief, saturated it with a 
preparation of his, from which I breathed for about half a minute, 
and then was lost in sleep. In an instant more I awoke, and saw 
my tooth lying upon the floor. I did not experience the slightest 
pain whatever. I remained 20 minutes in the office afterward, 
and felt no unpleasant effects from the operation. 

Esen H. Frost 
42 Prince Street 
Boston 


We witnessed the above operation, and the statement is, in all 
respects correct; and, what is more, the man asked where his 
tooth was, or if it was out. 

A. G. TeEnny, Journal-office 
G. Haypen, Surgeon-dentist 
Boston, Sept. 30th, 1846. 


William Leavitt remembered Morton as saying after 
this event, “I have gotit now. I shall take my patients 
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into the front room and extract their teeth and then 
take them into the back office and put in a new set and 
send them off without their knowing anything about 
the operation” (31). 

The first notice of the painless extraction appeared 
in the Boston Daily Advertiser for October 1, 1846. It 
attracted the attention of Henry Bigelow, one of the 
surgeons at the Massachusetts General Hospital, and 
he visited Morton in order to witness some of the ad- 
mimistrations of the anesthetic. Doctor Morton then 
received the following invitation from Doctor Warren 
to be the anesthetist during an operation (32): 


Dear Sir, 

I write, at the request of Doctor J. C. Warren, to invite you to 
be present on Friday morning, at 10 o’clock at the Hospital, and 
to administer, to a patient who is then to be operated upon, the 
preparation which you have invented to diminish the sensibility 
to pain. 

Yours Respectfully, 
C. F. HEywoop, 
House-Surgeon of the 
Massachusetts General Hospital 
October 14, 1846. 


Dr. Morton, Tremont Row. 


That morning Morton arose at 4 o’clock and went to 
the instrument maker’s to get him to fashion an inhaler 
of some special design. As the hour of 10 approached 
and the apparatus was not quite complete, Doctor 
Morton seized it and hurried off to the hospital. The 
patient, Gilbert Abbott, a printer by trade, was suffer- 
ing from a congenital tumor just below the jaw on the 
left side of the neck. Ten o’clock came and went and 
still no sign of Morton. After waiting 15 minutes, 
Doctor Warren picked up his knife to operate, saying, 
‘‘As Doctor Morton has not yet arrived, I presume he is 
otherwise occupied.” At that moment a side door 
opened and in rushed Morton carrying his inhaler. 
Doctor Warren said, “Well, Sir, your patient is ready.” 
Pausing long enough to apologize for his delay and to 
see the incredulity on the faces of the surgeons and 
spectators, he bravely set about giving the ether to the 
patient. In two minutes the man dropped into a deep 
sleep. Morton then turned to Doctor Warren and 
addressed him with these words, ‘‘Doctor, your patient 
is ready.’”’ There was the silence of the tomb as the 
operator seized the bunch of veins and made the inci- 
sion. Not the slightest movement or sign of sensibility 
was made by the patient, and gradually a change came 
over the spectators. A great discovery was being used 
before them. When the operation was over Doctor 
Warren turned to those present with the words, 
“Gentlemen, this is no humbug” (33). 

The truest picture of the circumstances surrounding 
this memorable day comes from the pen of his devoted 
wife, Elizabeth Whitman Morton, written for the 
occasion of the 50th anniversary of the discovery in 
1896 (34): 


The night before the operation, my husband worked until one 
or two in the morning upon an inhaler he had devised and then 
regarded as essential to the operation although it has since been 
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discarded. I assisted him nearly beside myself with anxiety, for 
the strongest influence had been brought to bear upon me to dis. 
suade him from making the attempt. 

I had been told that one of two things was sure to happen: 
either the test would fail and my husband would be ruined by the 
world’s ridicule or he would kill the patient and be tried for man. 
slaughter. Thus I was drawn in two ways: for while I had un. 
bounded confidence in my husband it did not seem possible that 
so young a man (he was only 27 years old at this time) could be 
wiser than the learned and scientific men, before whom he pro 
posed to make this demonstration. 

After resting a few hours, Doctor Morton was off early in the 
morning to see the instrument-maker.... From that moment 
I saw nothing of him for twelve hours, which were hours of morta] 
agony. How they dragged along as I sat at the window, expect- 
ing every moment some messenger to tell me that the patient had 
died under the ether, and that the doctor would be held respon- 
sible!... it was not until nearly four that Doctor Morton walked 
in with his usually genial face so sad that I felt failure had come 
... he said, ‘‘Well dear, I succeeded;”’ not highly elated, but as it 
were crushed down by a load of discouragement. This was due 
not only to bodily fatigue and the reaction after his great efforts, 
but to an intuitive perception of the troubles in store for him 
It is literally true Doctor Morton never was the same after that 
day. 


This first operation under the influence of ether was 
not considered by the operator to be a complete success, 
yet it has been made the subject of a large painting by 
the artist, Samuel Hinckley, Washington, D. C. It 
depicts Doctor Morton surrounded by the leading sur- 
geons of the hospital in the act of administering the 
anesthetic with the use of his inhaler (35). 

The name ‘“‘letheon’’ had been selected by Morton, 
but Doctor Oliver Wendell Holmes suggested the one 
in general use today (36). His letter states: 


Boston Nov. 21, 1846 
My dear Sir: 

Everybody wants to have a hand in a great discovery. All! 
will do is to give you a hint or two, as to names or the name, to be 
applied to the state produced and the agent. 

The state should I think be called ‘‘anesthesia.”’ This signifies 
insensibility, more particularly (as used by Linnaeus & Cullen 
of touch (see ‘‘Good-Nosology,”’ p. 259). 

The objective will be ‘“‘anesthetic.’”” Thus we might say the 
state of anethesia or the anesthetic state. ... 

I would have a name pretty soon and consult some accom 
plished scholar such as President Everett or Doctor Bigelow, Sr., 
before fixing upon the terms which will be repeated by the 
tongues of every civilized race of mankind. 

You could mention these words which I suggest for their con 
sideration; but there may be others appropriate and agreeable. 

Yours respt., 
O. W. Homes. 


Rene Fulop-Miller in his ‘“Triumph over Pain,” tells 
an amusing incident that happened about this time in 
connection with the discovery (37). Eben Frost had 
been the first patient to have his tooth painlessly ex- 
tracted by Doctor Morton. He was a music-teacher, 
but after the great event life was completely changed 
for him. His name was often in the newspapers, every- 
one wished to see him, hear the story from his own lips, 
and learn what he thought of Morton. Frost was the 
“first guinea pig” for etherization. ‘It was impossible 
to talk of the event without mentioning his name, in 
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fact, he seemed to become indispensable to Doctor 
Morton. When he talked about the discovery he 
spoke about it as ‘ours’; the words ‘Morton and I’ 
were perpetually in his mouth. ‘Come along, Frost,’ 
Doctor Morton would say as he left to hold appoint- 
ments with medical men. Frost was already to ‘come 
along.’ He sat in the waiting room, expecting the 
demand. ... He no longer gave music lessons, but 
devoted his whole life to the new task of shadowing 
Morton and perpetually retelling the story of the pain- 
less extraction.” 

The news of the discovery was carried to Europe on 
the first steamer that left Boston. Testimonials of joy 
and praise came to the United States from England, 
Germany, Russia, India, and many other nations. 
In November the Government issued a patent for the 
use of the drug under the nan. of ‘“‘letheon.”” Doctor 
Morton on legal advice included Doctor Jackson in the 
patent, but the latter relinquished his claim for a 
nominal sum and 10 per cent of the profits (14). Mor- 
ton never enforced the right of patent, ‘for his human- 
ity was too great to keep back from suffering millions 
so precious an agency of relief. Yet, he was critiziced 
on all sides for taking out the patent, and cruel attacks 
were made upon him that cut him to the heart’’ (38). 
The fact that he used a secret name and tried to put it 
on a paying basis caused criticism and resentment, 
which still rankles in the hearts of men today. But 
the surgeons of the Massachusetts General Hospital 
declined to use the preparation as it was under patent 
and had a secret name. Doctor Morton wrote at once 
to Doctor Warren, explained the exact nature of the 
drug, offered to give free rights to all charitable institu- 
tions and to sell the right to surgeons, physicians, and 
dentists for a smallsum. Right of use was given to the 
army and navy, but after acknowledging its value, the 
offer was declined by the Government, although the 
drug was used by both departments. After the ex- 
planation to the surgeons, Morton was then asked to 
give a public demonstration at the hospital on Novem- 
ber 7. 

Denison D. Slade, M.D., was an eyewitness (35) to 
this first successful amputation case. In his article 
entitled, “First capital operation under the influence 
of ether,” he tells that no better place in all Boston 
could have been selected for this great event than the 
General Hospital. 


Its wide and airy halls, the stone stairways, the scrupulously 
clean and well-waxed floors of the wards and private rooms, its 
curtained beds, and every article of furniture, above all, its 
skilled nurses, bespoke an attention to the primary objects of 
the institution, and to the comfort and care of the humblest pa- 
tient. The dome contained a large and commodious operating- 
theatre, to become in 1846, the starting point of a discovery which 
was destined to go around the world. ... Hooks, rings, and 
pulleys inserted in the walls to aid in the reduction of dislocated 
limbs, met the eye, happily for suffering to be henceforth and 
forever discarded. : 

While the assembly was scanning these various objects, gazing 
upward also at the elegant and well-lighted dome, and taking 
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cognizance of every trivial incident, as is customary with im- 
patient crowds, the six hospital surgeons entered the room. 


Doctor Slade gives a lengthy description of these men, 
for they were of international fame because of their skill 
as surgeons and physicians. First came the senior 
Warren, a man of rather above the medium height with 
a somewhat stooping form. For many years he had 
continued to hold the rank of first in surgery and his 
lectures as Professor of Anatomy and Surgery in Har- 
vard University were spirited and popular. By his 
side walked George Hayward, Professor of Clinical 
Surgery, rather short in stature and making a marked 
contrast to his companion. The other four who com- 
pleted the group were: S. D. Townsend, formerly a 
naval surgeon, J. Mason Warren, Henry J. Bigelow, 
and Samuel Parkman. The last three had been re- 
cently added to the hospital staff and were already 
making a good start toward a brilliant career as skillful 
operators. 

The news of the event had been noised abroad among 
the Harvard Medical students, the medical profession, 
and the public in general. An hour or so before the 
appointed time, all seats in the vast amphitheater were 
taken as well as every place available for standing. 
Those in the front rows knelt on the floor for those 
behind to see better. When Doctor Morton entered 
to give the anesthetic, he saw instead of a staff of sur- 
geons and students as anticipated, spectators of every 
description, and yet in that vast sea of faces, not one 
that was enthusiastic—only incredulity or, at best— 
curiosity. He was attired as usual in a blue frock coat 
with brass buttons and a large and elegant scarf. The 
patient was a young girl by the name of Alice Mohan, 
and had been an inmate of the hospital for 18 months. 
An infected knee joint necessitated amputation of the 
leg. After a few words of encouragement, Doctor 
Morton brought her completely under the influence of 
the ether in three minutes, as could be seen by complete 
muscular relaxation, drooping eyelids, and immobile 
pupils. The amputation occupied less than two min- 
utes, not including the time consumed in tying the 
arteries. When the patient returned to consciousness, 
“she was ignorant of the loss of her limb, and could 
hardly be persuaded of the fact” (39). The first am- 
putation under ether had been a success. Doctor 
Morton was the hero of the hour. 

Formal announcement of the discovery was made to 
the medical world by Doctor -Bigelow in a paper read 
before the Academy of Arts and Sciences. It was pub- 
lished in the Boston Medical and Surgical Journal, 
November 18, 1846. 


IV 


And then the storm of controversy broke. The pub- 
lic press and medical journals teemed with accounts of 
experiments and operations with ether. Doctor Wells 
returned from Europe and put in his claim to the dis- 
covery of anesthesia. A heated discussion then took 
place between them through the Boston Medical and 
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Surgical Journal (40), the nature of which can be seen 
from a letter written to Morton by Wells, quoted in 
part: 


Doctor Morton, 


Dear Sir— 

I have just seen a copy of your claim and find that it is nothing 
more than what I can prove priority of discovery to by at least 
18 months. When in Boston, at your room, I was well satisfied 
that the principal ingredient was ether, and to all appearances, it 
was just the effect of this alone upon the patient to whom I saw 
it administered in your office. Now, I do not wish, or expect, 
to make any money out of this invention, nor to cause you to be 
the loser; but I have resolved to give a history of its introduction, 
that I may have what credit belongs to me, although it is in my 
power to invalidate your patent by a word, yet, so long as we 
remain on good terms, I shall not doit.... 


Doctor Jackson wrote letters to the French Academy 
‘ of Sciences, an outstanding science tribunal of that 
time, claiming the honor for himself. He made it on 
these grounds: In 1842 he had performed several ex- 
periments with ether, and had been convinced of its 
value in surgery; he had advised Morton to use it and 
had even given him the apparatus for his first successful 
case; and that his pressing duties as geologist, chemist, 
and physician left him no time to develop his findings. 
The French Academy after learning of the Boston 
dentist’s demonstration, awarded its Montyon prize 
to both, jointly. Doctor Jackson after some hesita- 
tion accepted the money, but Morton refused it at once 
as he thought himself to be the true discoverer of 
anesthesia. The prize consisted of 5000 francs and 
was to be divided equally between the two men. When 
some time had elapsed and Doctor Morton’s share re- 
mained untouched, the Commission after a lengthy 
deliberation decided to have a medal made for him. 
On one side was the head of Minerva, surrounded by 
the words, ‘“‘National Institute of France,’’ and on the 
other side, ‘‘Academy of the Sciences, Montyon Prize 
for Medicine and Surgery—1847-1848—William 
Thomas Green Morton, 1850.” A difficulty arose 
when it was found that the medal cost a little less than 
the awarded money, so to use all of it, a goldsmith was 
instructed to enrich the frame with a laurel garland 
in relief (41). 
Doctor Morton collected all of his evidence and wrote 
a Memorial to the Academy of Arts and Sciences at 
Paris, which was presented by M. Arago in the autumn 
of 1847. His connection with Doctor Jackson is made 
quite clear (42). 


I am ready to acknowledge my indebtedness to men and to 
books for all my information upon this subject. I have got here 
alittleand therea little. I learned from Doctor Jackson, in 1844, 
the effect of ether directly applied to a sensitive tooth, and proved, 
by experiment, that it would gradually render the nerve insen- 
sible. I learned from Doctor Jackson, also, in 1844 the effects of 
ether when inhaled by the students at college, which was cor- 
roborated by Spear’s account, and by what I read. 


I further acknowledge that I was subsequently indebted to 
Doctor Jackson for valuable information as to the kinds and 
preparation of ether, and for the recommendations of the highly 
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rectified from Burnett’s—but my obligation to him hath extent, 
no further. 


He did not put me upon the experiments . . . and when he 
recommended the highly rectified sulphuric ether, the effect he 
anticipated was only that stupefaction which was not unknown, 
and he did not intimate in any degree a suspicion of that insensi- 
bility to pain which was demonstrated and astonished the scien- 
tific world. 


Sarah Barker in Harper’s for 1865 gives an interest- 
ing account of the vain struggles of the next few years 
(43). She was present at a lecture in which Doctor 
Morton told how he had been continually besieged by 
professional gentlemen, who took up his valuable time 
by speculative doubts, questioning him on the accuracy 
of his experiments. He saw clearly that he would have 
to fight alone to convince the public and the medical 
profession in order to preserve anesthesia for future 
generations. Drawing upon private funds he engaged 
physicians at $1000 each, instructed them how to use 
the agent and sent them forth to all parts of the United 
States, London, Paris, and Saint Petersburg. He en- 
larged his own apartments, converted them into a 
hospital, where operations were to be performed free, 
nothing asked but a certificate from the patients to be 
used publicly. He spent several thousand dollars for 
the manufacture of pure ether and made an offer, de- 
clined by the U.S. Government, to supply it to wounded 
of the Mexican War for one cent a patient. He made 
27 trips to a hospital in a nearby city to get ether tried 
there. He contributed articles to medical journals, 
paying as much as $1600 on one occasion to get an 
article printed. He published a weekly bulletin of 
successful cases in English, German, and French. His 
mail box was so jammed that he had to abandon the 
work of his dental practice, as well as his studies for an 
M.D., and hire a secretary to help him to answer the 
letters. Not all were critical or damaging. Many 
came from eminent surgeons and scientists at home and 
abroad, praising his work, but those he valued the 
most were the “thank you” notes of grateful human 
beings. 

For more than a year after the discovery ether had 
not yet been tried in the Pennsylvania Hospital, one 
of the largest hospitals in the country. Medical journals 
and the daily press carried cruel criticisms (44). The 
Philadelphia Medical Examiner for December 16, 1846, 
said: ‘“‘We are persuaded that the surgeons of Phila- 
delphia will not be seduced from the high professional 
path of duty, into the quagmire of quackery by this 
will-o-the-wisp,” and in the New Orleans Medical 
Journal for January 27, 1847: “Why mesmerism, 
which is repudiated by the savans of Boston, has done 
a thousand times greater wonders and without any 
dangers here threatened. What shall we hear next?” 

An association of merchants and scientific men from 
Boston petitioned Congress to grant Doctor Morton 
adequate compensation for all the expenditures he had 
incurred in trying to introduce ether for the common 
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good. The House of Representatives committed the 
subject to the Committee of Ways and Means in the 
form of an appropriation of two bills for $100,000 
each. ‘It came into the House some days after the 
Battle of the Wilderness at a moment when one could 
look out of the Capitol and see acres of barracks termed 
hospitals, filled with wounded men for whose comfort 
and relief anesthetics were used a thousand times a day. 
Yet, the subject was not under consideration five min- 
utes before the appropriation was dead” (45). 

This lack of recognition by the Government, his wife 
tells us, was the greatest sorrow during his last years, 
principally because other nations honored him with 
decorations and orders. Russia sent him the Cross of 
the Order of St. Vladimir, Norway and Sweden gave 
him the Cross of the Order of Vasa, and the French 
Academy conferred a medal commemorating the event. 
Still these three medals ate meager compared to the 
number that Doctor. Jackson received from various 
societies. Two pages of them may be seen in the 
National Magazine for 1896 (46). In 1852 an honorary 
M.D. was given to Doctor Morton by his alma mater, 
Washington University, which afterward converged 
into the College of Physicians and Surgeons of Balti- 
more (47). One of his most treasured possessions had 
been a small silver casket from the Board of Trustees 
of the Massachusetts General Hospital, bearing the 
inscription, ‘“He has become poor in a cause which has 
made the world his debtor’ (33). The casket contained 
$1000 as a token of gratitude and sympathy. This 
trophy and other medals are now preserved in Boston 
by the Boston Historical Society. 

With all hopes of compensation from the Govern- 
ment gone, broken in health, and pressed down with 
enormous debts, Doctor Morton now in dire poverty 
was unable to save his country home ‘‘Etherton” from 
the receiver’s hands. Shortly after his marriage he 
had purchased a small farm in West Needham, now 
Wellesley, had a cottage built there in old English style, 
and there spent his happiest days. With his own hands 
he had helped to beautify the grounds, and every spot 
upon them was connected with some treasured family 
event. After the sale, kindness of heart prompted the 
buyer to offer the use of Etherton to Doctor Morton 
and his family free of rent. West Needham is now 
the seat of Wellesley College. A public library has 
been built upon the site of the Morton home, and the 
surroundings have been converted into a public park 
(47). 

His son, William James Morton (1845-1920) of New 
York City tells of the anguish of those days (48): 


The discovery of surgical anesthesia, while a boon to the 
world, was a tragedy to its author and to his family. Science, 
civilization, had given with too free a hand and required a com- 
pensating sacrifice, whose lot was his. Though his misfortunes 
have been the foundation of countless fortunes to others, his 
sorrow the source of inexpressible happiness to millions; though 
his life was one single life unblessed by what was to othersblessing, 
he never complained, but pursued his way, simply, patiently, and 
honestly, humbly thankful to have been the benefactor of his 
race. 
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That he carried no rancor in his heart toward the 
Government or his fellowmen can be seen from an ex- 
tract of a letter written during the Civil War to a friend 
in Washington, D. C.: 


On previous occasions it has been my privilege to visit battle 
fields and thus to administer the pain-destroying agent which it 
pleased God to make me the human agent to introduce for the 
benefit of suffering humanity. How little I ever think, however, 
when originally experimenting with the properties of sulphuric 
ether on my own person, that I should ever successfully ad- 
minister it to hundreds in one day and thus prevent an amount 
of agony fearful to contemplate. 


eee ewes 


For myself I am repaid for the anxiety and often wretchedness 
which I have experienced since I first discovered and introduced 
the anesthetic qualities of sulphuric ether, by the consciousness 
that I have thus been the instrument of averting pain from thou- 
sands and thousands of maimed and lacerated heroes, who have 
calmly rested in a state of anesthesia while undergoing surgical 
operations, which would otherwise have given them intense 
torture. 


They are worthy of a nation’s gratitude—happy am I to have 
alleviated their suffering. For the dead heroes we mourn—but 
let all the patriotic benevolence and science, and philanthropy of 
the republic be brought into requisition for the benefit of man- 
kind. 


His personal qualities may be gleamed from a com- 
munication to Doctor Hayden (49): 


E Boston, April 18, 1895. 
Dr. W. R. Hayden, 
My dear Sir; 

I wish that you had known William G. Morton. I knew him 
well. I met him not infrequently in those years when the subject 
of anesthesia engrossed his time and thoughts. 

I like to bear him in mind as he was—a refined, courteous 
gentlemen, thoughtful of others’ feelings and convenience, gener- 
ous and warmly appreciative of any kindness and sign of good 
will offered to him. 

Though enterprising and ardent—even sanguine—in business 
pursuits (in which he was remarkably methodical) and though 
often grieved and indignant at the gratuitous injuries and mis- 
representations heaped upon him by unprincipled opponents, I 
do not remember that I ever heard from his lips an opprobrious 
epithet, or saw indications of 4n effort to retaliate his enemies. 

Respt. yours, 
Joun J. May. 


Doctor Morton died suddenly at the age of 48 years. 
On July 6, 1868, he left Etherton cottage for New York 
City to answer another claim of Doctor Jackson’s that 
had appeared in one of the leading journals. This was 
the first of its kind that had been printed for some 
time. His wife was summoned to his bedside five days 
later. He improved sufficiently to wish to drive to 
Washington Heights, but hardly had they passed 
through Central Park when the illness came upon him. 
He was taken to St. Luke’s Hospital and died in an 
hour. ‘The chief surgeon and the house physicians,” 
says Mrs. Morton, “gathered about him. At a glance 
the chief surgeon recognized him and said to me: 
‘This is Doctor Morton?’ I simply replied, ‘Yes.’ 
After a moment’s silence he turned to a group of house 
pupils and said, ‘Young gentlemen, you see lying before 
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you a man who has done more for humanity and for 
the relief of suffering than any other man who has ever 
lived!’ In the bitterness of the moment, I put my 
hand into my pocket, and taking out the three medals, 
laid them beside my husband, saying: ‘Yes, and here 
is all the recompense he has ever received for it’ ’’ (50). 
Doctor S. Weir Mitchell, novelist, poet, and famous 

physician, penned ‘The Birth and Death of Pain’ and 
read it October 16, 1896, on the occasion of the semi- 
centennial of anesthesia (51): 

How did we thank him? Ah! no joy bells rang, 

No peons greeted and no poet sang, 

No cannon thundered from a guarded strand 

That mighty victory to a grateful land! 

We took the gift, so humbly, simply given, 

And coldly selfish—left our debt to Heaven. 

How shall we thank him? Hush! a gladder hour 

Has struck for him; a wiser, juster power 

Shall know full well how fitly to reward 

The generous soul, that found the world so hard. 

Doctor Morton had five children, three sons and two 

daughters. One son, Edward, served through the Zulu 
war in South Africa as a member of the Cape Mounted 
Rifles, winning the award of the Victoria Medal. 
Bowditch Morton studied at the Massachusetts In- 
stitute of Technology and graduated from Harvard 
Medical School in 1881. His oldest son, William James 
Morton, M. D. (1845-1920) (52), of New York City 


One: of the vartnst operations under ether ate the 
tO Mandachusedles Gonarat « Herspretad 
» ine 


J 


Courtesy J. B. Lippincott Co., Philadelphia 


Tus PicTURE FORMS THE FRONTISPIECE OF AN ARTICLE BY 
Joun C. WarREN, M.D., IN THE Transactions of the American 
Surgical Association FOR 1897. THE FOLLOWING NoTE Oc- 
CURRED AT THE END OF THE ARTICLE, 

‘‘(Note—The illustration represents the operating theatre of 
the Massachusetts General Hospital in the winter of 1847. The 
sponge used here is known as the first sponge with which ether 
was given. This method was adopted in February, 1847, by 
Dr. J. Mason Warren. The surgeons whose portraits appear in 
this picture are, on the patient’s left, Dr. John C. Warren, Dr. 
Samuel Parkman; on the right, Dr. J. Mason Warren and Dr. 
Townsend. The etherizer is probably Dr. Henwoon. The 
daguerrotype from which the photogravure is taken, has been in 
possession of the writer’s family since that time. ]’’ 
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held for nearly 30 years the position of Professor of 
Diseases of the Mind and Nervous System and Electro- 
therapeutics in the Post-Graduate Medical School and 
Hospital of the great metropolis. He was a pioneer in 
the use of radium and Roentgen rays and wrote prob- 
ably the first book in the English language on the medi- 
cal use of the latter (53). 

The literature on the ether controversy is volumi- 
nous, not so many books, but hundreds of pamphlets, 
and articles in the medical journals and leading pub- 
lications of the day. The attacks were open and cruel 
and were carried on for a period of over 20 years. The 
“Dictionary of American Biography” has struck the 
keynote of the whole situation: 


In the discovery of surgical anesthesia, Crawford W. Long, 
Horace Wells, and Charles T. Jackson, all shared, yet Morton 
acted independently and conducted experiments with ether on his 
own initiative. Moreover, he took entire responsibility for the 
outcome of his first public demonstration upon human beings, 
and in so doing he, before any one else, convinced the surgical 
world of the value of the discovery; for this contribution alone 
may allow him credit as the discoverer, and this indeed was the 
opinion of those of his contemporaries most competent to judge. 
The regrettable feature of his conduct may lessen but cannot rob 
him of the honor which is his due (54). 


Doctor Jackson lived the longest of the four claim- 
ants. In 1873 he was forced to retire from his active 
profession as the once brilliant mind had ceased to func- 
tion normally. He died on August 28, 1880, at the 
McLean Asylum, Somerville, Massachusetts. 

As soon as it is possible to photograph several scenes 
in Europe connected with the discovery, a proposal has 
been made (55) to make the story of ether into a great 
motion picture. As the millions, who have benefited 
by use of this agent, witness the unraveling of the sad 
story, regret will be mingled with gratitude; regret 
for the trials, misfortunes, and bankruptcy attending 
the discovery, gratitude for the blessing of a priceless 
gift to painless surgery. 
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you give this your prompt and careful attention, to the end that the JoURNAL may 
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better meet your wishes and needs. 


We regret that this survey must be made so im- 


personally; we wish it could have been in the form of personal interviews. 








A Technique 
for the Preparation of Cat’s-eye Agate Gels 


HARRIETT H. FILLINGER, RUTH McCONNELL, and PAMELA OLINE 


Hollins College, Hollins College, Virginia 


VER a period of years the senior author of this 
paper and her students have been interested in 
duplicating in silicic acid gels the types of structures 
found in natural agates. This project has proved to be 
a very fruitful and interesting one for undergraduate 
students and has yielded a beautiful collection of syn- 
thetic ‘‘agates” which roughly duplicate the structures 
found in a collection of the various kinds of agates with 
which they are now housed in a display case. Attempts 
to duplicate the so-called cat’s-eye agates have brought 
to light some techniques and results which seem worth 
passing on to others who may be interested in some 
phase of this problem. A few comments on the history 
of the experiments carried out by various students and a 
description of the technique which has yielded the most 
successful results in the hands of the student authors of 
this paper will be given. 

Obviously, reactions yielding the well-known Liese- 
gang Rings or some modification of them are taken ad- 
vantage of in an attempt to prepare the cat’s-eye agate 
gel. However, in preparing such a gel the solution con- 
taining one set of the desired ions must be allowed to 
diffuse into the gel from all directions of a three-di- 
mensional space instead of diffusing into it from one 
direction only as is the case when a gel is formed in a 
test tube and a solution is put on top of the gel. 

Holmes has given directions for preparing gels of a 
very temporary nature which employ the idea of dif- 
fusion of ions into the gel from all directions. Such 
unstable gels of the cat’s-eye agate type are not difficult 
to prepare because a gelatin gel can be removed from a 
beaker, or similar mold, by melting the surface of the 
gelatin adhering to the mold as one would remove any 
type of gelatin from a mold. However, the body of 
gelatin which has been molded in a beaker is not 
spherical in shape and yields a series of concentric 
bands which are rectangular rather than circular when 
the gel is cut. Several years ago this technique was ex- 
tended rather successfully to silicic acid gels by a 
student, Annie Lee Wilson, as a part of a project in an 
“independent study” senior course. Since silicic acid 
gel could not be removed from the beaker mold by 
partial melting the main problem became the discovery 
of some method of removing the gel from the mold 
prior to placing it in the proper solution. A very thin 
film of vaseline on the inside of the beaker or other mold, 
which subsequently had to be removed from the surface 
of the gel, proved to be fairly satisfactory and yielded 
some beautiful synthetic “‘agates” which are in perfect 


condition after six years. Since there was not time for 
Miss Wilson to carry the study further the problem of 
making spherical gels which would yield the ‘‘perfect” 
cat’s-eye gel had to be laid aside for some future in- 
vestigation. 

Last winter the problem of developing a spherical 
silicic acid gel which, on being cut, would yield con- 
centric circles of Liesegang Rings was undertaken by 
the student authors of this paper as a part of a problem 
in an “independent study” course. After experiment- 
ing with a number of possible ideas a very successful 
technique was developed. The accompanying photo- 
graphs! of two of the gels which were made a number of 
times will indicate some of the results obtained with 
cupric chromate (Figure 1) and colloidal gold (Figure 2). 
Similar cat’s-eye agate gels were made containing mer- 
curic iodide, basic mercuric chloride, some of the in- 
soluble lead salts, etc. The technique found most suc’ 
cessful to date for making these spherical gels will be 
given briefly in the following paragraphs. 

Collodion bags were made in 200- and 500-ml. rouri: 
bottom flasks, respectively, by directions similar té 
those given by Holmes.? These were made and kept in 
beakers of distilled water until needed. When ready 
for use the ‘“‘neck”’ of the collodion bag was tied to the 
stem of a short-stemmed funnel. The bag was then 
suspended in distilled water or in a very dilute solution 
containing the ions placed in the gel if the setting of the 
gel required a long time. The gel mixture containing 
one set of ions of the compound whose preparation was 
desired was then poured through the small funnel into 
the collodion bag and allowed to set. The function of 
the water or very dilute solution was to provide a 
mobile support for the bag of gel while it was setting. 
The water or solution proved to be a very satisfactory 
medium for this purpose. Almost perefectly spherical 
balls of gel resulted. After the gel was firmly set it was 
removed from the water, the bag cut from the funnel, 
the neck of the bag slightly slit, and then peeled off, 
leaving a sphere of gel quite firm enough to be held in 
the palm of the hand. This sphere of gel was then care- 
fully lowered into a beaker containing the appropriate 
ions to diffuse into it. After the proper length of time 
as indicated by experiment for each gel the sphere of 
gel was removed from the solution, laid on a flat sur- 
face, and carefully cut in two with a carving knife. 





1 Photographs by Sara Jane Rhoads. 
? Hotes, H. N., ‘‘Laboratory Manual of Colloid Chemistry,” 
John Wiley and Sons, Inc., New York, 1934, Experiment 21. 
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Many beautiful gels yielding a series of concentric 
circles of bands whose characteristics varied somewhat 
depending upon the concentration of ions used were 
prepared by this general process. 

The problems of the concentration of ions in the gel 
and outside it and the length of time to allow diffu- 
sion of ions into the gel to take place required most 
study. It was found when the ions could diffuse into 
the gel from all directions that much more dilute solu- 
tions than those used for rhythmic banding in test tubes 
yielded best results. The time necessary for best re- 
sults was also only a small fraction of that required 
for formation of bands in the test-tube reactions. With 
slight variations of concentrations of ions, the gels were 
made according to directions in Holmes’s manual,* but 
the solutions on the outside of the gels which yielded 
the best results were much less concentrated than those 
in the experiments cited. Some of the concentrations 
yielding interesting results with cupric chromate were 
the following: 0.7 g. of potassium chromate per 200 ml. 
of gel immersed for five days in a 0.15 N cupric sulfate 
solution; 0.8 g. of potassium chromate per 200 ml. of 
gel immersed for three days in a 0.25 M cupric sulfate 
solution, or 2 g. of the chromate in 500 ml. of the gel 
immersed for four days in 0.25 M cupric sulfate solu- 
tion. The 500-ml. gel yielded as many as 10 concentric 
bands of cupric chromate. The widths of bands, num- 
ber of bands, intervals between them, and general 
characteristics of bands varied considerably for any one 
sel with the concentration of ions used inside and out- 
side the gel. The concentrations of materials yielding 

xcellent results with cat’s-eye gels of colloidal gold 
were essetitially those used in the experiment of the 
Holmes manual to which previous reference has been 
made. Diffusion of oxalic acid into the gel was al- 
lowed to take place for three days before the gel made 
in a 200-ml. collodion bag was cut. These gels showed 
all of the beautiful coloring and gold-stone effects that 
are obtained when such gels are prepared in test tubes. 

Since these silicic acid gels are not very rigid and are 
easily broken the problem of keeping them intact while 
cutting them and in subsequent handling presented 
most difficulty and has not yet been solved with entire 
satisfaction. A plaster of Paris cast of half of a round- 
bottom flask proved to be reasonably satisfactory to 
hold the gel during the cutting process. The gold gel 
in Figure 2 was resting in such a cast when photo- 
graphed. After being cut, the gels‘ were kept under 
water on watch glasses to facilitate handling until 
they were permanently housed in museum jars. Ob- 
viously, except for short intervals of time, all of the 
silicic acid gels must be kept under water. 

There are a number of problems in connection with 
the making of cat’s-eye agate gels and the duplication 
of other natural agate structures yet to be solved. 
Some of these have been partially investigated. A 





3 [bid., Experiments 175-7, 180. All gels were made from 
Brand E sodium silicate (water glass) of the Philadelphia Quartz 
Company. 
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FiscurE 1.—Cupric CHROMATE BANDS 


further study of a number of them and other variations 
of reactions successfully used to date will be undertaken 
in the near future by other Hollins College students. 





Figure 2.—Co..LoipaAL Go_p BANDS 
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HERE IS THE CooL SUNLIT INTERIOR OF AN EXPERIMENTAL MopEL House MADE OF STYROFOAM BOARDS. 


Styrofoam, another Dow Chemical Company wartime contribution, may 
promise much in the postwar fields of insulation, water-craft, and construction. 
The “bubble plastic,” can weigh as little as one pound per cubic foot, but still has con- 


siderable structural strength. 


Nonpermeable by water and 30 per cent more buoy- 


ant than cork, it is made by inflating cells of low-cost polystyrene with air. 


HERE was a story making the rounds some time 
ago that a certain nation during a certain war 
filled its air- and water-craft with ‘‘ping pong balls’’ to 
keep such sinkable structures out of Davy Jones’s 
locker when penetrated by enemy shells, bullets, or flak. 
Whether this interesting tale was true or not is beside 
the point, but the idea behind it is sound and shows an 
application to which a new Dow Chemical Company 
plastic material, 97 per cent air by volume, is probably 
admirably adapted. 
The plastic is Styrofoam, which, had it not been for 
military demands, would not yet have emerged from 


Dow’s laboratories. Still in its infancy and, so far, on 
the market only in limited experimental quantities, its 
possibilities, either as to use or to cost, have not yet 
been fully investigated. However, a material with such 
startling properties cannot help but find places in post- 
war industry where it will be extremely valuable. 
Styrofoam, a derivative of Dow’s polystyrene (of all 
solid commercial plastics—the lightest in weight and 
lowest in cost), is made by a secret chemical process, 
whereby cells of the parent material are inflated with 
air to form a nonpermeable mass of very low density. 
There are thousands of bubbles of polystyrene in every 
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cubic inch of this solidified plastic foam. The new ma- 
terial has, of course, inherited from its notable forebear 
some of its outstanding properties, among which are its 
lightness, its ability to insulate against heat, its high 
resistance to the weather, mold growth, rot, and decay, 
and its nonabsorption of water, fresh or salt, even after 
long periods of submersion. Like polystyrene, it is 
also odorless and tasteless. 

The ‘‘bubble plastic,’’ because of its unusual structure, 
has many entirely different characteristics of its own, 
however. Polystyrene is, admittedly, very light, but 
still, it is 42 times as heavy as Styrofoam, which, as a 
matter of fact, can weigh as little as one pound per 
cubic foot. Cork and balsa wood have 10 times the 
density of this new featherweight material. Styrofoam 
represents the extreme of buoyancy, results of tests 
showing that it is 30 per cent more buoyant than cork. 
The latter old flotation standby also soaks up consider- 
able water after long exposure to it. 

Despite the fact that the thin walls of the many small 
bubbles of which Styrofoam consists make up only 3 per 
cent of the plastic’s entire volume, the material has 
considerable structural strength and requires no special 
care to prevent damage in handling. In fact, the airy 
plastic can support a considerable load without distor- 
tion. 

Styrofoam thas excellent workability as well. It can 
be shaped into complicated forms by conventional wood- 
working equipment and can be successfully bonded to 
itself and to wood, metal, or other materials. The plas- 
tic is sufficiently flame resistant, too, so that it can be 
fired upon with incendiary bullets without damage or 
destruction. While it can be burned, its improved 
forms are practically self-extinguishing, and it is 
probable that the material.would present no greater, 
and perhaps less, flammability hazard than wood. 

The new air-filled polystyrene lays claim to one major 
class of employment in the future which is based upon 
its use in this war as a medium of buoyancy in life rafts, 
boats, floats, and other military and naval applications. 
For instance, harbor buoys which are often punctured 
and sunk by the bullets of vandal hunters when made of 
hollow steel, may he made of this highly buoyant non- 
sink material. A Styrofoam harbor marker not only 
would not corrode in contact with salt water, but could 
be shot at to the heart’s content—and still float. 

But the major postwar use of Dow’s new foam plastic 
seems to be indicated by its excellent heat-insulating 
qualities and its nonabsorption of water. These charac- 
teristics, plus its extremely light weight and the fact 
that it is made out of such a low-cost plastic material, 
seem immediately to suggest its use for insulation of a 
type and in locations where not only is it desirable to 
restrain the passage of heat, but also it is necessary that 
this property be maintained in exposure to moisture. 
It has been suggested, for instance, that Styrofoam 
might well be used for insulation in trucks, refrigerator 
cars, and the like. ‘ 

Some architects who have investigated the plastic 
think that it may be the construction material of the 
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A SECTION OF THE Dow CHEMICAL CoMPANY’S NEWEST, LIGHTEST 
PLASTIC WITH UNUSUAL WARTIME APPLICATIONS AND STARTLING 
POSTWAR POSSIBILITIES 


Styrofoam is derived from polystyrene—of all solid commercial 
plastics, the lightest and lowest in cost. It is made by inflating 
cells of the parent material with air to form a nonpermeable, 
multicellular mass of very low density. Some of its chief claims 
to fame are its lightness, extreme buoyancy, heat-insulating quali- 
ties, structural strength, workability, and light permeability. 





Courtesy The Dow Chemical Company 
Tue ABC’s oF STYROFOAM 


This 18-inch cube of ‘‘bubble plastic,’”’ made up experimentally 
as a play-in-the-water alphabet block for Midland, Michigan, 
children, is so buoyant that only one-half inch is below water in 
the pool and so light that even a child of three can lift it. Note on 
the shady side of the block Styrofoam’s feature of transmitting 
light. 
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future, in that it is capable of receiving hard surface 
coats which are not only resistant to penetration, but 
which at the same time do not destroy Styrofoam’s 
feature of transmitting light. Styrofoam walls and roofs 
could, perhaps, be constructed in such fashion that in 
the winter they would act to some degree as solar heaters 
while in the summer they might, if shaded, provide ex- 
cellent insulation against summer heat. 

The new material also seems naturally qualified by its 
lightness and pleasing ‘‘snowy’’ appearance for use in 
window displays, movie sets, and toys. 

It must be remembered that in predicting some of 
these things Dow is doing a bit of crystal gazing; that 
the cost of Styrofoam as currently made is somewhere 
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in the range of cork, and that it has not been so fully 
investigated as to demonstrate whether it will ever be a 
low-cost building material. Nevertheless, it is possible 
its light weight might in itself reduce the currently high 
cost of heavy structural members to such an extent that 
even were the present cost in the development stage 
maintained, it would prove to be an economical building 
material. 

For the duration, Styrofoam will continue to be avail- 
able in one density and one color—white. It now is 
supplied to the trade in small experimental quantities 
in the shape of boards, not more than three inches in 
thickness. Even with these limitations, however, it 
bears close watching by American industry. 


The Hopes of Postwar Light Sources 


SAMUEL G. HIBBEN 
Westinghouse Electric Corporation, Bloomfield, New Jersey 


IN THE research laboratories of Westinghouse there are 
among many of the problems receiving constant attention the 
very vital ones of transferring electrical energy directly to radiant 
energy without the intermediate step of heat. The objective is 
old, but several recent approaches are new. When this war 
began, some 95 per cent of the man-made light sources were 
tungsten filament lamps having their optimum economic light 
emission when the filaments were operated at a temperature of 
approximately 3000° K., and whereof the heat losses were on the 
order of 90 per cent of the input energy. This did not seem good 
enough. ; 

The commercial Mazda filament lamp with its efficiency of 
some 14 lumens per watt where 7.5 per cent of the input energy is 
converted into radiation to which the human retina responds, 
may well remain a standard article for household use and for 
small-wattage local industrial lighting equipment, but the urge 
for interior large-scale lighting and for illumination levels on the 
order of 50 to 100 footcandles demand that higher efficiencies be 
attained. How high are our hopes? 

Romantically, the scientist turns again to studies of the firefly, 
of luminescent bacteria, and of chemiluminescence or bio- 
luminescence in Nature. It is roughly estimated that 90 per 
cent of the radiant emission from a firefly is luminous, closely 
approaching 500 lumens per watt. This is 10 times the ultimate 
efficiency that could be expected from a tungsten filament lamp 
since tungsten when melting at about 3655° K. could generate 
visible light at no better than 55 lumens per watt. If sucha 
lamp were to burn for several hours, an efficiency of 35 lumens 
per watt would more correctly represent a practical top limit. 

Like the firefly, most of Nature’s lamps produce light by oxi- 
dation. No energy whatever is wasted in the production of in- 
visible ultraviolet light and practically none in heat radiations. 
Man’s latest lamps willy nilly generate much of both. 

It appears that Nature’s illuminants developed simultaneously 
with Nature’s seeing organs. The luminous emission from a 
typical insect like the firefly is confined to a very narrow band of 
wave lengths, concentrated at the central point of the visible 
spectrum or at the light yellow-green color region (5700 A. U.) 
where the response of the retinal nerves is most sensitive. Little 
or nothing is lost in emitting red or blue colors. By contrast, 


man’s illuminants, particularly those of the hot body or in- 
candescent types emit a great deal of light at the long wave and 
also the short wave ends of the visible spectrum and it is this 
radiation which, in addition to the infrared and ultraviolet, is 
generally wasted so far as seeing is concerned. 

From a study of the color response characteristics of the human 
retina we might conclude that the sodium vapor lamp for instance 


which concentrates practically all of its luminous output at a 
wave length of 5890 A. U. (lemon yellow) would be the best 
light source for general purpose seeing. However, a study of 
this and other almost monochromatic lamps indicates one further 
difference between Nature’s illuminants and man’s. The pur- 
pose of the latter is to make surrounding objects visible by light 
reflection therefrom, whereas Nature’s lamps are primarily to be 
seen as signals, or markers, or lures. Man’s seeing judgment 
depends to a large extent upon the color of the object being viewed 
and hence a monochromatic source with its resultant distortion 
of object color fails to meet our broad criteria for the ideal illumi- 
nant of tomorrow. 

When we employ the energy of electricity to displace or excite 
the outermost electrons of the mercury atom within the commer- 
cial tubular fluorescent lamp thereby generating short wave ultra- 
violet radiations, and when this radiation in turn upsets the 
normal atomic arrangement of the phosphor crystals coated on 
the inside of the glass tube, we have achieved a “‘short-circuiting”’ 
light-making process—~. e., we eliminate the production of much 
heat. By this method some 18 to 20 per cent of the input energy 
is converted to usable light. This still seems not good enough. 

An arc discharge through high pressure mercury vapor ranging 
from 1 to perhaps 80 atmospheres (but commercially at about 3 
to 5) develops luminous radiation at a commercial efficiency on 
the order of 65 lumens per watt. This is better—and further 
research will increase this efficiency in proportion as we can in- 
crease the temperature and pressure of the mercury vapor. The 
problem here is the refractory characteristic of the container. 
Summing up the situation we then have this analysis: 


1. Tungsten filament illuminants now developing some 15 
lumens per watt and practically limited to 35 or to a theoretical 
and ultimate maximum 55. 

2. The fluorescent lamp, now developing some 45 to 60 lumens 
per watt and capable of doing roughly twice as well, as the tech- 
nique of developing 2537 A. U. ultraviolet from mercury vapor 
and of efficiently exciting phosphor crystals therewith is per- 
fected. 

8. High-pressure metallic vapor discharge lamps now produc- 
ing 55 to 70 lumens per watt and theoretically capable of going 
considerably higher in efficiency if refractory containers could be 
had so as to permit increases in temperature that accompany 
pressure beyond roughly 5 atmospheres. 

These, then, are some of the present day problems in lighting 
research that seem to offer a challenge to the engineer who recog- 
nizes that postwar lighting requirements will demand vastly more 
artificial illumination than man has heretofore enjoyed. 
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Out of the Editors Bashet 


|; areas the miracle gas, is playing a new role as 
“sleuth” in turning up heretofore unknown facts 
about underground migrations of oil and gas, which 
may be of untold value to the petroleum industry, ac- 
cording to a report by the Bureau of Mines. 

The use of helium as a tracer gas involves injecting 
the inert gas into the underground oil and natural gas 
reservoirs through the well bores at one or more care- 
fully selected locations and determining the presence of 
helium, if any, in the natural gas produced from adja- 
cent wells. 

By careful observation of the length of time required 
for the helium to travel from the injection well to adja- 
cent producing wells and of the concentration of helium 
found in the producing wells, petroleum engineers and 
geologists will be able to chart with reasonable accuracy 
reservoir conditions between wells and determine the 
pattern of drainage of the gas and oil through the po- 
rous reservoir rock. 

Reports by bureau engineers on the first injections of 
helium in the Elk Hills reserve, during the last few 
weeks, disclose positive indication of the migration of 
helium to adjacent wells in the field. Additional 
amounts of helium are being injected into the under- 
ground reservoir and subsequent analyses of the output 
gas from the adjacent wells are expected to implement 
subsurface data already obtained. 

The Elk Hills project marks the first time that helium 
has been ‘used as a tracer gas, and in the initial test the 
helium content of the natural gas compressed for injec- 
tion into the well bore was limited to 0.1 per cent. In 
the next test, the helium content of the injected gas will 
be reduced to about one-half this concentration. In 
later experiments various quantities of helium will be 
used to determine which concentration produces the 
best results. Probably one of the later tests will involve 
a short-time injection of pure helium to study the migra- 
tion and diffusion of the concentrated gas. 

In addition to producing the helium for the experi- 
ments, the Bureau of Mines, in charge of the Govern- 
ment’s entire helium production program, also per- 
fected a method for rapid, accurate gas analyses that 
takes only a fraction of the time formerly required for 
determining the helium content of the gas sampled 
from the producing wells. 

Suggested several months ago by R. A. Cattell, chief 
of the bureau’s Petroleum and Natural Gas Division, 
the use of helium as a tracer gas still is in its infancy in 
this important development of the petroleum and 
natural gas industry, but is expected to provide a long- 
sought tool for the study of subsurface reservoir condi- 
tions. 

Because helium is chemically inert, it is uniquely 
valuable for this purpose in that its identity, readily 
determined by laboratory analysis, is not lost by com- 
bination with the reservoir rocks or fluids. 


@ One of our book reviewers sent us the following 
gratuitous comments on book-writing in general, which 
we think are worth sharing with our readers: 


I think that we must do something to encourage the writing of 
small books on limited topics. In this way a person might keep 
an up-to-date library without too great expense. My idea is that 
the company that publishes the books should begin by furnishing 
its prospective customers with a flat board, two feet long and five 
inches wide. This is to be fastened up against the wall asa shelf, 
free and open at both ends. When it is filled it will hold about 
three dozen books, which is certainly enough active information 
to keep a man prosperous and happy. Now if a man buys a 
dozen new books a year, and puts them at the right side of the 
shelf, shoving the older volumes off at the left, he has the possi- 
bility of changing his viewpoint completely in three years without 
the large jerks, strains, and jars that come with, say, the purchase 
of a fourteen-dollar all-about-everything three inches thick and 
weighing from eight to twenty pounds. He would have a chance 
of keeping his balance in my scheme. 

There is an even greater advantage in many, small, expendible 
books. The people who write them will doa better job. Writing 
a 500-page book about one idea is bad for the writer and it is bad 
for society because 500 pages about any one idea is bound to turn 
into a hymn of hate. Did you ever read a book of more than 500 
pages about one idea that wasn’t essentially destructive in theme? 
A writer of that kind of book couldn’t make more than a dozen 
paragraphs solid constructive contribution. Reading 500 pages 
on one idea cramps the intestines and suffuses the mesenteries 
with gall; it’s the time factor—in 500 pages worth, a man ages a 
lot and things shrink or go jello. 

Worse than 500 pages about one idea are 500 pages about 2500 
ideas. This is, of course, the usual science textbook in biology, 
chemistry, physics, and nurse training. Writing such a book re- 
quires, first of all, a great gnawing ambition to accumulate. 
Second, it requires an excess of willingness. The two qualities 
are incompatible in the same man. Thus his book is steeped in 
unhappiness and wall butting throughout; the effect is as though 
the book had been bound in some sick, dead, muddy color; it 
radiates a soggy, neon sadness that kills at a distance. 

So you see that there is really no reason other than the dismal 
compulsion of tradition for large books. But for small books, 
very much can be said. They should be long enough for a change 
of mind and short enough for a single sitting. That puts them 
between 80 to 200 pages. Now, any honest practicing scientist 
knows that the field in which he is currently confident and in- 
terested will usually take up less space than that. He’ll need 
some space for backing and filling, for warming up, and perhaps a 
bit for whimsy-whamsy if he can’t write without it. But that 
many pages is enough; and besides, there are still 35 other books 
on the shelf. Eighty to two hundred pages should allow a man 
to write well, too, with freshness from beginning to end. If he 
tries to do more, he’ll probably have to go running to his file or 
sit up late in the library with the abstract literature. Further, 
he can have the satisfaction of knowing that his book will be all 
wanted, from beginning to end, no dead weight whatever. Then 
by the time that that number got to the left-hand edge of the 
shelf, he’d have written another, better, and if anything, smaller 
book. All this would allow the natural evolutionary changes to 
rip right along. I wonder— 

I wonder why I’ve gone on at such length. 


@ Stevens Irwin, of the Matawan High School, New 
Jersey, sends a description of a ‘‘project’’ which he 
finds of value and interest in teaching. It consists of 
collecting labels or small carton covers, of preparations, 
each of which contains some particular chemical sub- 
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stance. These are mounted uniformly, each on a page 
of a large notebook, with the name of the substance and 
its chemical formula. The determination of the latter 
sometimes involves considerable search on the part of 
the student and is the principal value of the exercise. 
Sometimes the label will itself carry the name of the sub- 
stance, ‘but frequently this must be supplied by the 
student, as well as its formula. For example, gelatin 
contains amino acids such as alanine; photographic 
film contains silver bromide; breakfast food contains 
starch. Certain rules are laid down, such as that 
organic formulas must be written in their most ex- 
panded form, and that only one chemical substance is 
permitted for each label. In general, students must 
be cautioned to keep their items relatively simple and 
not to pick materials whose formulas are beyond their 
ability to locate in a reasonable time. Altogether, it is 
an activity around which a good deal of interest and 
good teaching can center. 


e@ Mr. Charles A. Powel, president of the American In- 
stitute of Electrical Engineers, is taking leave of absence 
from his position of Headquarters Engineering manager 
for the Westinghouse Electric Corporation to become 
chief of the Electrical and Radio Branch of the Allied 
Control Commission. 

While advocating that Germany be permitted a cer- 
tain amount of industry—manufacturing to which it is 
naturally suited—Mr. Powel pointed out the danger of 
the possibility that the Allied Nations may become 
“soft” after a short period of control in Germany. 

“TI am convinced that strict control over Germany 
must be maintained for two generations—40 to 50 years 
—so that the thinking of the people can be changed by 
education,” he said. ‘If we keep going for five years 
and then grow ‘soft,’ we will have lost the war. 

‘“‘“Somewhere between the two extremes of making 
Germany a completely agrarian nation, as advocated 
by some, and allowing it any and all industries on the 
basis that they are essential to European economy, as 
advocated by others, there must lie a middle road. 


This middle road will permit the Germans a satisfac- © 


tory balance between agriculture and industry and give 
them a decent standard of living without allowing them 
to establish a new war potential. This policy must be 
found and rigidly adhered to for years.” 

Mr. Powel reiterated his belief in the merits of a plan 
previously suggested by him jointly with presidents of 
four other major engineering societies—civil, mining, 
mechanical, and chemical. 

This plan advocates the banishment of three im- 
portant German industries vital to war, and heavy cuts 
in two other industries on the basis that the country is 
not naturally suited to such manufacture and the plants 
have been built up only under a false wartime economy. 
Industries this plan would ban or curtail are: 


1. Synthetic oil. Germany should be made to import all its 
oil and this importation should be limited to normal peacetime 
needs. It has little natural oil resources. 


2. Eliminate aircraft plants and equipment. Gérmany’s 
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civilian needs of airplanes should not be more than 100 per year. 
They should be made to purchase these abroad. 

3. Destroy all aluminum and magnesium plants. There are 
no bauxite deposits in Germany, therefore no justification for the 
industry. 

4. Eliminate 75 per cent of Germany’s synthetic nitrogen 
plants as nitrogen is the principal ingredient of explosives. 

5. Eliminate 50 per cent of Germany’s steel-making capacity. 
Cost of producing steel in Germany has always compared un- 
favorably with costs in the United States and England. 


A complete revision of the German educational sys- 
tem must accompany armament curtailing moves, Mr. 
Powel said. 


e@ Methanol will not be available for the production of 
antifreeze for civilian use this year, the War Production 
Board emphasized recently. 

It is expected that if there is no delay in placing orders 
and accepting deliveries in the very near future, the 
supply of antifreeze for next winter will be adequate. 


@ What civilian schools and colleges can learn from 
Army and Navy wartime educational techniques will 
be the subject of a two-year investigation soon to start 
under the auspices of the American Council on Educa- 
tion. A grant of $150,000 from the Carnegie Corpora- 
tion of New York and the General Education Board has 
been received by the Council to carry on this work. 
The study will be under the direction of Dr. Alonzo G. 
Grace, Commissioner of Education of Connecticut, on 
leave of absence for this purpose. 

The study of the educational features of military 
training has been endorsed by both the Secretary of 
War and Secretary of the Navy. Among the various 
subjects which have already been selected for study 
are the various procedures which the armed forces have 
used in selection, classification, and assignment of 
personnel. Tests and testing procedures, rating scales, 
evaluation boards, etc., will be analyzed. Other studies 
will include the techniques of curriculum construction 
based upon analysis of the job to be done, the emphasis 
on demonstration and performance in teaching and con- 
tinuous measurement of progress, new uses of printed 
materials, visual and auditory aids and school equip- 
ment, training programs for leadership and for the train- 
ing of teachers, physical education and health, short 
term refresher courses, and new fields for women. An 
analysis will also be made of the nonmilitary educational 
activities such as those of the United States Armed 
Forces Institute, and the Coast Guard and Marine 
Corps Institutes. The comprehensive library program 
whereby the reading interests of men and women have 
been met will be included. 

Dr. Grace, who served in the Army during the First 
World War and who has been a special consultant on 
the training program of the War Department in recent 
years, commented upon the need for understanding 
what had been done by the Army and Navy. 

He said, ‘‘Although civilians have known in general 
about the training practices developed by the armed 
forces, alert educators have realized from the beginning 
that the requirements of military training provided an 
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unprecedented opportunity for developing improved 
teaching procedures. Most of the men and women who 
were called into service to organize these training pro- 
grams came directly from our schools and colleges. 
They brought the best of known educational theory 
and practice, applied it in controlled situations, and 
developed new processes where needed. The responsi- 
bility now is first to find effective means of measuring 
this military experience for its potential value to civilian 
practice, and, second, to facilitate the understanding 
and adaption of those features which will improve edu- 
cation and training in our schools and colleges.” 

“The results,” according to Dr. Grace, “will be of in- 
terest and value to organized education at all levels. 
The public and many educators believe that the mili- 
tary training program can revolutionize civilian educa- 
tional procedure. For example, we have heard much 
of the excellent material developed through motion 
pictures, radio, and recordings by the Army and Navy. 
There are other educators who doubt that anything 
meaningful to schools and colleges can be gathered from 
the military experience. The one extreme is as danger- 
ous as the other. Honest analysis of the military ex- 
perience is needed if we are to select wisely those things 
which can be applied to the improvement of teaching 
and administration. I should like to emphasize, how- 
ever, that the implications of this training are of equal 
or greater value for informal educational programs such 
as training programs within industry and adult educa- 
tion at all levels.” 


e@ All the world wants r:bber and is willing to pay for 
it. The development of the rubber industry in Middle 
America—the 10 sister republics to the south—is a 
fascinating story of research and experimentation, as 
told in ‘‘New Crops for the New World,” the forth- 
coming book edited by Charles Morrow Wilson. 

At first the principal desire of the planters was to get 
more acres under cultivation. Few of them gave a 
thought to yields until prices fell. Then owners began 
to study their trees and found that 70 per cent of the 
trees produced only 30 per cent of the latex. Imme- 
diately there began a frantic search for a ‘Mother 
Tree,’ capable after budding of giving offspring which 
would fill larger cups of latex. Approximately 20,000,- 
000 of the rubber trees in estates had their individual 
yields measured periodically for a year or more. First 
results were disappointing to those who had envisioned 
unquenchable streams of latex gushing from the new 
trees. But the research went on and eventually trees 
were found which would give six pounds, then eight, ten, 
twelve, fifteen, and twenty pounds of rubber—as com- 
pared with original yields of four pounds. One fabulous 
‘Mother Tree’? was found which gave as high as 85 
pounds of rubber during one year. 


e@ Although we have carried the fight to the finish with 
the Japs, we will continue to have shortages of certain 
foods. We’ll have enough food for good health, but 
we won’t have all we want and the foods we’re used to 
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won't always be available. To insure an adequate diet 
under these circumstances, we’ve got to practice sound 
nutrition. 

We must exercise more care in the selection and prep- 
aration of meals, making sure to include some foods 
from each of the Basic 7 food groups every day. The 
Basic 7 is the Government’s Official Food Chart de- 
veloped to guide us in planning wartime nutritious 
meals, showing the seven groups of food which should 
be eaten every day if good health is to be maintained. 
Even when certain foods are not available, or when ° 
people can’t find or afford them in cash or ration points, 
alternate foods can be selected from the same group or 
other groups which serve similar needs in food value 
and in planning menus. 

The Basic 7 food groups are listed below. In plan- 
ning the three daily meals, it is desirable to use two 
or three servings each day from Groups III, IV, and 
VI. People who buy meals away from home should 
remember the seven food groups when choosing food. 
This guide also may be used in planning meals to be 
served in lunchrooms or to be carried in the lunch box 
by school children, war workers, and others. 


Group I: Green and yellow vegetables (raw, cooked, frozen, 


canned, or dried) 

Group II: Oranges, tomatoes, grapefruit, or raw cabbage or 
salad greens 

Group III: Potatoes and other vegetables and fruits (raw, 
dried, cooked, frozen, or canned) 

Group IV: Milk and milk products (fluid, evaporated, dried 
milk, or cheese) 

Group V: Meat, poultry, fish, or eggs (or dried beans, peas, 
nuts, or peanut butter) 

Group VI: Bread, flour, and cereals (natural whole-grain or 


enriched or restored) 
Group VII: Butter and fortified margarine (vitamin A added) 


e America’s stockpile of tin has dwindled to a danger- 
ous low, the tonnage now available amounting to less 
than a nine months’ supply, it is said. 

Seven billion tin cans were thrown away in 1944. If 
they had been salvaged, they would have contained 
enough tin to help make more than 2,000,000,000 hand 
grenades, 1290 destroyers, or 540,000 tanks. 

Tin cans in China are so valuable that junk yards are 
selling cans of ordinary household size for 60 Chinese 
dollars—roughly $3.00 in American money. A two- 
quart size can brings 180 Chinese dollars. Chinese 
factories fashion these cans into teapots, pans, office 
supplies, lamps, and many other kinds of utensils. 

Tin is an important war weapon. Of the thousands 
of items under WPB control, fully 50 per cent require 
tin in some form. Fifty-seven pounds of pure tin go 
into the manufacture of the B-29’s, for example. Tin 
protects the fuse in the nose of a bomb. It is needed 
to package materials sent to hot and humid Pacific 
battle areas. Tin is used to carry emergency food and 
water rations, and to enclose the delicate hypodermic 
syringe used by soldiers to ease the pain of wounds. 

American stocks of tin have been reduced from more 
than 105,000 tons in 1942 to less than 70,000 tons at 
present, exclusive of tin in smelter working stocks and 
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consuming industries’ working stocks, according to 
WPB. Detinning plants are operating at only 50 per 
cent of capacity. 


@ The aloe plant, used today in treatment of X-ray 
burns, was once used for its medicinal properties by the 
Indians of North, South, and Middle America. 

The aloe is a perennial, growing to a height of about 
afoot. During the 17th century, its green leaves were 
used in the treatment of burns. The condensed juice 
of the leaves has laxative properties. 

To extract the juice, the leaves are cut with knives 
and immediately placed in upright positions in wooden 
troughs. The juice flows down the inclined trough and 
into containers. It is then boiled until it is the con- 
sistency of thick syrup, poured into gourds or skins, 
and allowed to harden. 

Juice which is expressed mechanically is musilagin- 
ous and has little value medicinally. 


e A revised issue of ‘‘Technical Data on Plastics,”’ 
compiled and published by the Plastics Materials 
Manufacturers’ Association, is now being distributed 
“to acquaint its user with the nature, particular merits, 
and utility of various plastics, and with property values, 
as measured by recognized methods, commonly to be 
expected in available forms and modifications of the 
various basic compositions.”’ 

A limited number of copies is available from the 
PMMA offices in the Tower Building, 14th and K 
Streets, Washington 5, D. C., at $1.50 each. 


@ Production of American synthetic rubber since the 
start of the Government rubber program now totals 
approximately 1,400,000 long tons, the Rubber Reserve 
Company has announced with the release of a study 
entitled ‘“Report on the Rubber Program 1940-1945,” 
which reviews the program of the Rubber Reserve 
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Company, a subsidiary of the Reconstruction Finance 
Corporation, in the synthetic and natural rubber in- 
dustries. 

In making the report public, S. T. Crossland, execu- 
tive vice-president, said that the synthetic rubber pro- 
duction for 1944, 737,000 tons, was greatly in excess of 
the largest amount of natural rubber consumed in the 
United States in any year prior to this war. He added 
that the scheduled production of synthetic rubber for 
1946—1,200,000 tons—is larger than the amount of 
natural rubber consumed in any one year by the entire 
world before 1941. 

The report says that in 1944 it cost approximately 31 
cents a pound to produce GR-S, the general purpose 
synthetic rubber produced in large volume. That cost 
was the average for all plants in the program, exclusive 
of plant amortization and interest charges, program, 
administrative, and sales expense. The present operat- 
ing cost at the lowest-cost plant is about 11 cents a 
pound. It was predicted that in the postwar era a pro- 
duction cost below that rate can be anticipated. 

Regarding the quality of rubber, the report says: 
“Performance of tires made from synthetic rubber is 
now very close to that of the average prewar natural 
rubber tire.... The use of butyl rubber in the manu- 
facture of inner tubes where pneumatic (air-retention) 
properties are important has been successful and is ex- 
panding.”’ 

A technical mission, which returned from Germany, 
declared recently that ‘‘American synthetic rubber, 
the methods of manufacturing it, and the products 
made from it are generally superior to those of Ger- 
many.’ That was a surprising comparison in light of 
the fact that the Germans had pioneered in the making 
of rubber from chemicals and were believed to have 
made great strides toward quality and quantity pro- 
duction of it, Mr. Crossland said 


EXPERIMENTS WITH SELENIUM (Continued from page 427) 


controlling a powerful current from another source. It 
is possible, therefore, for a beam of light falling upon 
a selenium cell to function as a photoelectric cell. 


Holmes gives the following interesting material about 
the element: 


“Selenium colors glass a rose red, and so can neutralize the 
green tint of ferrous silicate impurities. During World War I 
the importation of Brazilian manganese into the United States 
was cut off through lack of ships. Selenium replaced manganese 
dioxide as a glass decolorizer, and has now been adopted as the 
standard by the glass industry of the world. Manganese dioxide 
is cheaper but not so reliable in use. The annual yield from the 
copper slimes (from electrolytic refining) is now about 175,000 
pounds of selenium. Red signal glass is made with selenium.” 


In the grazing regions of the northwest, cattle fre- 


quently suffer from the “‘selenium disease.” The soil 
of that region contains selenium compounds which are 
drawn up into the herbage. Cattle eating this vegeta- 
tion become sick. 

The following materials are appropriate to use in an 
exhibit of selenium and its compounds: black selenium 
powder; red selenium obtained by a reaction between 
selenious acid and sulfur dioxide; ferrous selenide, 
source of hydrogen selenide; selenides of - cadmium, 
antimony, and arsenic; selenium dioxide or selenious 
acid; selenious sulfide obtained by reaction of hydro- 
gen sulfide on selenious acid; potassium permanganate 
solution oxidizing agent to convert selenious acid to 
selenic acid; selenic acid; selenates of barium and 
lead; sample of ruby glass colored by selenium. 
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The Nutritive Value of Fruits 


I. General Considerations 


ALMOST all the known dietary surveys suggest that an in- 
creased consumption of fruit would be desirable. This indica- 
tion appears to be easy of attainment, but peak consumption 
seems definitely related to price considerations governing the 
availability of this class of foodstuffs, especially to the under- 
nourished and to the poor. 

At one time the arrival of the berry season was observed as a 
distinct date on the calendar similar to the closing of school and 
the beginning of the summer holidays, but now berries of all 
kinds are available the year round owing to modern methods of 
refrigeration and distribution of such foods. It can be con- 
fidently predicted that further advances in the method of trans- 
portation will be made, particularly by air. 

The fruits are usually divided into different classes, such as 
berries, citrus, drupes, grapes, melons, pomes, and tropical. 
The more highly prized among these classes have flavors making 
them especially attractive to the palate. The characteristic 
fruity flavor is caused by alcohols, aldehydes, acids, esters, 
ethers, or terpenes, or a mixture thereof. Thus, the odor and 
taste of bananas are brought about by amyl acetate, and those 
of grapes by methy] anthranilate. 

As a class the fruits are juicy, with a high water content, sugar, 
and acid. Some, such as the date and banana, are so sweet as to 
mask any tart flavor, while other less-known varieties, as the 
bilimbi and carambola, are so tart as to mask any sweetness, and 
for this reason find use in pickles and preserves. During the 
growing and ripening process, the fruits contain variable quanti- 
ties of starch. As they approach maturity the starch is converted 
into sugars, followed by an inversion of sucrose, and a decrease 
in acid content. Avocados and (green) olives are exceptions as 
they contain relatively large amounts of oil rather than sugar 
and starch, and the seeds of other fruits are said to be more 
often oily than ‘starchy. Degree of maturity is important, for 
unripe fruit may cause stomach irritation by excessive acid, 
while, where overripe, sweet fruits may produce an abnormal 
fermentation. 

The fruits, in general, possess the nutritive virtues of vege- 
tables, containing ascorbic acid (vitamin C) in variable quanti- 
ties, ranging from the citrus group that is especially valuable in 
this regard, through and including apples, grapes, and pears, 
which are rather low in this factor. Because the latter are 
customarily eaten raw, they often become significant as a source 
of ascorbic acid. Considerable care must be taken in the proc- 
essing of fruits so as to retain their natural content of this vita- 
min. Careless handling may produce a loss in antiscorbutic ef- 
fect because the cyclic molecular structure of the vitamin is 
changed by an opening up of the lactone ring. This deteriora- 
tion in potency is hastened in alkaline solution and by activity of 
enzymes, particularly the oxidases. 5 

Other nutritive values in fruits are vitamin A, as carotene, its 
provitamin (apricots, cantaloupes, yellow peaches, and prunes), 
thiamine (prunes), riboflavin (prunes and raisins), niacin (dates, 
figs, and peaches), inositol, and choline. The mineral content 
of fruits is, of course, low because of their high water content. 
The mineral content can be significant, however, based on energy 
values, as per 100 calories. Several fruits are significant sources 
of calcium (figs, oranges, prunes, raspberries, and strawberries), 
iron (apricots, bananas, dates, figs, grapes, prunes, raisins, 
raspberries, and strawberries), and copper (prunes). In simple 


‘ 
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anemia apricots have found a place as an aid in blood regenera- 
tion and are frequently employed in conjunction with other iron- 
rich foods. 

In addition to their vitamin and mineral contents, the fruits 
furnish bulk to the diet, producing a mild, frequently desirable, 
laxative effect (prunes and figs). Their alkalizing properties are 
well known, and, with the exception of cranberries, plums, and 
prunes which form hippuric acid in the body, they all increase the 
alkalinity of the urine; consequently they are of value in exces- 
sive acid conditions. 

While research on fruits, like that on vegetables, is still in its 
adolescent stage, several recent investigations mark new progress. 
Various methods of storing citrus fruits have been employed. 
As a result of such experiments high humidity and control of 
oxygen and carbon dioxide have become important. Washing 
fruits before storage apparently decreases their keeping quality. 
The drying of fruits has assumed new importance. Apples, 
apricots, peaches, prunes, raisins, and currants, in dried form, 
are now in heavy demand by the Armed Forces and our Allies, 
because they are relatively nonperishable and require less space 
in shipping. Baker: and confectioners are using tremendous 
quantities of dried fruits in their products. 

The browning or discoloration of cut or sliced fruit is now con- 
trolled by thiourea, a substance of low toxicity. In addition to the 
protection afforded against destruction of naturally occurring 
color pigments by enzymes, thiourea possesses valuable proper- 
ties in protection against loss of ascorbic acid. The treatment 
of fruit with sulfur dioxide during drying also is said to retard 
the loss of color and of ascorbic acid. Certain boiled vegetable 
juices, as those from cabbage and potatoes, are reported to be 
active in this respect. 

Certain fruits, as the papaya and pineapple, contain powerful 
digestive properties owing to the presence of a proteolytic en- 
zyme, papain. Extracts of this enzyme are employed to alleviate 
dyspepsia and to ‘‘tenderize’’ meats and casings. Papain also 
finds application in the brewers’ trade, in the tanning of leather, 
and in the prevention of shrinkage in wool. 

Numerous fruits are good sources of pectin, being useful for 
jelly making. Pectin in commercial form is commonly obtained 
from citrus albedo and apple pomace. Citrus residues are also 
employed as stock feed. The number of useful industrial com- 
pounds obtainable from fruits is increasing. 

A discussion of fruits is not complete without mention of the 
growth of the fruit juice industry. Several years ago the only 
preserved fruit juice of commercial importance was that of the 
grape. Small quantities of other fruit juices were packed but the 
output was small. In 1926 canned grapefruit juice was first 
packed commercially. Its popularity has increased each year. 
Along with grapefruit juice, pineapple juice has shown a steady 
growth, and large quantities of apple, orange, and grape juices 
are packed. Other products are cherry, cranberry, currant, 
lemon, loganberry, papaya, plum, pomegranate, prune, rasp- 
berry, strawberry, tangerine, and youngberry juices, and certain 
pulpy fruit beverages called “‘nectars’’ that are usually prepared 
from apricots, peaches, and pears. Many combinations of dif- 
ferent fruit juices and nectars are possible. These fruit juices 
and nectars generally possess the nutritive virtues of the fruit 
from which they were made.—Reprinted from Nutritional Ob- 
servatory, 6, 22 (1945). 
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Oxidation-Reduction: A Re-evaluation 


CALVIN A. VANDERWERF, ARTHUR W. DAVIDSON, and HARRY H. SISLER 


University of Kansas, Lawrence, Kansas 


OME years ago, Dr. Malcolm Dole, in discussing 
the pH concept, said, in effect: ‘“When Sgrensen 
first proposed the use of the pH scale, he supposed it to 
be a measure of hydrogen-ion concentration. After it 
had been established that electrode potential is a func- 
tion of activity rather than of concentration, pH was 
supposed to measure hydrogen-ion activity. Still later, 
when it became clear that neither single electrode 
potentials nor single ion activities can be determined 
experimentally, that definition had also to be aban- 
doned. Now we cannot say with certainty what it is 
that pH measures, except that it is something very 
important.” 

The history of the oxidation-reduction concept pre- 
sents a rather striking parallel to that of pH. We do 
not, indeed, wish to suggest that oxidation-reduction 
can no longer be defined except as ‘‘something very 
important.”” Yet it is obvious that the accepted use 
of this term has wandered far from its original meaning, 
and we propose to maintain that its present significance 
is quite different even from that which has come to be 
attributed to it during the past four decades. 


HISTORICAL DEVELOPMENT 


The earliest application of the term ‘‘oxidation’”’ was, 
as is implied in the word itself, to reactions consisting 
of the combination of other substances with oxygen; 
‘‘reduction,” on the other hand, meant the removal of 
oxygen from its compounds. Thus, a typical oxidation 
was such a reaction as 


2Cu + O2 > 2Cu0 


and a typical reduction, 
CuO + H:. > Cu + H,O 


Soon, however, the scope of ‘‘oxidation’”’ was broad- 
ened so that combination with sulfur, chlorine, or other 
nonmetallic elements was often included in the same 
category as combination with oxygen, and the removal 
of such elements came to be regarded as a form of reduc- 
tion. From this point, it was but a short step to the 
definition of oxidation as any reaction in which the 
valence of an element toward oxygen or any other non- 
metallic element is increased, and of reduction as any 
reaction in which such valence is diminished. 

In spite of these broadened definitions, however, the 
idea that oxidation necessarily involved the element 
oxygen persisted, and even as recently as 20 years ago, 
antiquated and cumbersome methods for balancing 
oxidation-reduction equations, based upon improbable 
partial reactions in which oxygen (sometimes ‘‘nascent’’) 


was provided by the oxidizing agent, were still in 
general use. 

This practice gradually fell into disfavor in the five- 
year period from 1925 to 1930. During these years, 
several of the more enthusiastic advocates of the ion- 
electron method of balancing oxidation-reduction equa- 
tions performed a notable service by bringing into sharp 
focus, particularly through their contributions to Tuis 
JouRNAL, the question of the true nature of oxidation 
and reduction. So convincingly did these advocates 
present their case that today the definition of oxidation 
as a chemical change involving the loss of electrons is 
almost universally accepted. Reduction is defined as 
a chemical change involving a gain of electrons. From 
these definitions, the inference has been drawn that the 
basis of all systematic methods for balancing oxidation- 
reduction equations is the obvious fact that in any com- 
plete electron transfer the total number of electrons 
gained by one atom or group of atoms must be equal 
to the total number of electrons lost by a second atom 
or group of atoms. 

The present authors have always been sympathetic 
toward the electron-transfer approach to the problem of 
oxidation and reduction; at least one of the three 
learned the ion-electron method of balancing redox 
equations before he was introduced to any other 
method. After years of presenting the electron-transfer 
idea of oxidation and reduction to their students, how- 
ever, the authors have come to view their own teach- 
ing with skepticism, and to believe that, in the interests 
of logic and consistency, a re-investigation of the mean- 
ing and application of the terms ‘“‘oxidation”’ and ‘“‘re- 
duction’”’ is necessary. Hence we are attempting in this 
paper critically to examine the accepted definitions in 
the light of present knowledge of atomic and molecular 
structure, and perhaps to open a frank discussion con- 
cerning the best method for presenting the concept, 
from a pedagogical standpoint. 

In the early years of the present century, largely as a 
result of the pioneer work of J. J. Thomson! in correlat- 
ing chemical properties, and especially valence, with 
electron structure, the concept of oxidation-reduction 
came to be associated with the electrical state of an 
element. Stieglitz,? particularly, emphasized the fact 
that the changes which take place at the anode and 
cathode of an electrochemical cell are oxidation and 
reduction, respectively. The nature of half-cell reac- 





1 THomsoN, J. J., Phil. Mag., 7, 237-65 (1904). 

2 See, for example, STIEGLITz, J., ‘The Elements of Qualitative 
Chemical Analysis,’’ The Century Company, New York, 1911, 
pp. 251-5. 
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tions, together with the assumption of electron transfer 
in the formation of valence bonds, served as the basis 
for the ion-electron method of balancing equations. 


NEED FOR RE-INVESTIGATION 


By the time that Lewis? first presented his idea of the 
covalent bond, consisting of a shared electron pair, a 
number .of prominent chemists had already fully ac- 


‘cepted the electronic definitions of oxidation and re- 


duction and were teaching the balancing of equations 
by the ion-electron method. 

With the advent of the Lewis theory, it should have 
become clear, as Remick‘ has pointed out, that it was 
time for chemists to re-examine their definitions of 
oxidation and reduction. Yet such a re-evaluation was 
considerably delayed, for the true nature of the cova- 
lent bond was not at first fully appreciated. Until 1925, 
or thereabouts, perhaps because of the continued in- 
fluence of the ideas of Thomson, who had assumed that 
all valence forces resulted from the complete transfer of 
electrons, every interatomic bond, even in organic 
compounds, was still generally thought of as being at 
least vaguely “polar” in nature; hence valence was 
regarded as being either definitely positive or definitely 
negative. Thus there arose the concept of valence 
number or oxidation state as applied to an element, 
which will play an important part in our subsequent 
discussion. 

We now recognize that all chemical reactions may be 
considered to ittvolve either the complete transfer or 
the sharing (or resharing) of electrons. Confusion has 
arisen from the fact that these two types of reactions 
are not clearly distinguishable, for one merges gradually 
into the other. In so far as the division is clear cut, 
however, are we imparting the total intended meaning 
to the terms ‘‘oxidation’” and ‘‘reduction”’ if we classify 
as redox reactions only those chemical changes in which 
electrons are transferred outright? 

That question has probably perplexed all who have 
written on the subject. Some writers have answered it 
entirely in the affirmative, no doubt with personal mis- 
givings in varying degrees. Many have dodged it, 
while a few have suggested that the answer should be 
in the negative. Meanwhile the idea of complete 
electron trafisfer persists as the foundation for the 
accepted definitions of oxidation and reduction. 


ELECTRON TRANSFER?. 


An ideal definition would, first of all, be one which 
could be applied on the basis of the initial and final 
states of a reaction, without regard to its mechanism, 
real or assumed. That our present definitions do not 
meet this criterion is immediately apparent upon con- 
sideration of a few simple cases. 

It is obvious that the identification of oxidation with 
electron loss and of reduction with electron gain is en- 
tirely valid in reactions involving only elements and 

3 Lewis, G. N., J. Am. Chem. Soc., 38, 762-85 (1916). * 


* Remick, A. E., ‘Electronic Interpretations of Organic 
Chemistry,’’ John Wiley and Sons, Inc., New York, 1943, p. 47. 
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simple ions or ionic compounds. This relationship may 
be illustrated by means of such reactions as 


Zn + Cutt — Zntt + Cu 
2Na + Cl —~ 2Nat + 2Cl- 
2Br- + Cl — Br. + 2Cl-— 


In each case, the first reactant has lost electrons and has 
been oxidized, whereas the second reactant has gained 
electrons and has been reduced. All clear-cut cases of 
complete electron transfer in a chemical reaction are 
admittedly oxidation-reduction; it is obviously a 
fallacy to conclude, however, that all oxidation-reduc- 
tion is electron transfer. 

Consider, for example, the,complete combustion of 
carbon in air: 


Cc + O. > CO, 


By universal agreement, the carbon is oxidized by four 
units. But the assumption that carbon has lost four 
electrons in its oxidation to carbon dioxide requires 
that the carbon exist in the compound as C** ion, a 
postulate which is, of course, entirely inadmissible. It 
might be argued that the four carbon electrons are 
shifted partially from the carbon atom toward the 
oxygen atoms; but this claim can hardly be made in 
the case of the oxidation of carbon to carbon monoxide, 
the very small or zero dipole moment! of which indicates 
that no such electron displacement has taken place in 
its formation.® 

Evidence favoring the complete equivalence of re- 
duction and electron gain is not much more convincing. 
Consider the familiar inorganic redox reaction: 


2MnOQ,- + 5SO;7 + 6H+7 — 2Mnt+ + 5SO.- + 3H20 





5 PauLInG, L., ‘‘Nature of the Chemical Bond,’’ Cornell 
University Press, Ithaca, New York, 1940, p. 135. 

6 The case for complete electron loss in oxidation is even more 
difficult to uphold in such reactions as the oxidation of trinitro- 
benzene to picric acid, or of acetaldehyde to acetate ion in alkaline 
solution: . 


O2N; NOz 


+ 2Fe(CN)s* + H:0 > 


NOz 
OH 


O:N NO: 
+ 2Fe(CN)s”™ + 2H* 


NO: 
Oo 
scHicé” + 2KMnQ, + KOH —> 3cHicZ + 2MnO: + 3K* + 2H20 
H ; \No- 
In the first equation, the ferricyanide ion has gained an electron 
and has clearly been reduced. The trinitrobenzene, then, accord- 
ing to accepted definitions must have been oxidized, specifically 
at the carbon atom. However, inasmuch as the resonance 
structures in which the oxygen atom exerts a positive mesomeric 
(+M) effect contribute significantly to the resonance energy of 
the picric acid molecule, it is likely that the electron density 
about the oxidized carbon atom in picric acid is actually higher 
than that for the corresponding atom in trinitrobenzene. It is 
even more certain that the electron density about the carbonyl 
carbon in acetaldehyde is increased by its oxidation to acetate ion 
(see Remick, ref. 4, p. 68). 
7 The simple hydrogen ion will be used throughout in place of 
the hydrated ion, in conformity with general practice. 








452 


An electron sleuth would experience almost insuperable 
difficulty in the attempt to convict each permanganate 
ion of having made off with five electrons. There has 
obviously been no great change in the electron state of 
the five oxygen atoms from the permanganate ions 
which appear in the sulfate ions on the right-hand side 
of the equation; in each case the oxygens are acceptor 
atoms. As to the three oxygen atoms which appear in 
the product water, they have undergone, if anything, a 
diminution in electron density. If the manganese and 
oxygen atoms in the permanganate ion may be said to 
share their electrons approxiinately equally, then four 
valence electrons may be assigned to the manganese 
atom in that ion. The change to Mn** ion (with its 
five potential valence electrons) represents, at best, the 
gain of only one electron. Only on the basis of the 
totally untenable assumption that the manganese atom 
in the permanganate ion is stripped of all its valence 
electrons and exists as a Mn*’ ion, can the manganese 
atom be said to have gained five electrons in the 
reaction. 


ARGUMENT BASED ON MECHANISM 


A student, confronted with the complete equation for 
the reduction of permanganate ion by sulfite ion in acid 
solution, might perhaps use any one of four routes to 
arrive at the conclusion that the permanganate ion had 
gained five electrons: (1) he might simply recall from 
memory the statement that permanganate ion gains five 
electrons in its reduction to manganous ion; (2) he 
might make the unwarranted assumption that manga- 
nese in permanganate ion exists as Mn+’ ion; (3) he 
might calculate the admittedly arbitrary oxidation 
state decrease for the manganese atom and then 
identify that decrease with electron gain; (4) he might 
base his conclusion upon an assumed mechanism, 7. e.; 
the half-cell reactions. 

None of the first three routes can serve as a valid 
argument for the classification of reduction as electron 
gain. It follows, therefore, that the accepted definition 
cannot be applied on the sole basis of the initial and 
final states of a total reaction; for the further explora- 
tion of its validity, we are forced to turn to speculations 
regarding the mechanism of redox reactions. 

Most oxidation-reduction reactions which occur 
spontaneously in aqueous solution can be carried out as 
cell reactions, with the oxidation taking place at the 
negative electrode (the one to which electrons are 
supplied) and the reduction at the positive electrode 
(the one from which electrons are removed). For the 
oxidation of sulfite ion by permanganate ion, the over- 
all equation for the complete reaction may be arrived at 
as the sum of the actual electrode reactions, 


2X (MnO.- + 8H* + 5e— — Mnt* + 4H,0) 
5 X (SO; + H,0 — 2e- — SO. + 2H*) 


2MnO,- + 5SO;" + 6H*+— 2Mn** + 580," + 3H20 





Considering first only the half-cell reactions, we see that 
‘the acid permanganate system has indeed gained five 
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electrons. Although it is often stated that the electrons 
are gained specifically by the manganese atom, the more 
wary among those of us who have espoused the electron- 
gain definition of reduction would never fall into so 
obvious a trap, but would attribute the gain of electrons 
to the permanganate ion, which is therefore recognized 
as the oxidizing agent. 

A superficial count of charges reveals that on the left 


side of the equation, the manganese and oxygen atoms - 


are associated with an ion which has a single negative 
charge, and on the right side, these atoms appear in an 
ion and molecules with a total positive charge of two. 
From this standpoint, one might conclude that the 
manganese and oxygen atoms together have actually 
lost three electrons, which, along with the five electrons 
supplied by the electrode, have been gained by the 


hydrogen ions. Or, if electrons constituting the cova- 


lent bonds are considered to be shared approximately 
equally, the manganese atom may be considered to 
have gained one electron, each of the four oxygen 
atoms to have lost one electron, and the eight hydrogen 
ions to have gained a total of eight electrons. 

From the foregoing, it is apparent that attempts to 
assign a specific number of electrons to each atom ina 
partial equation of this type are rather futile, with 
different conventions leading to different conclusions. 
In any case, however, two interesting facts emerge: 
(1) the electrons gained are certainly not taken on ex- 
clusively by the accepted oxidizing agent, the per- 
manganate ion, and (2) the hydrogen ions play an im- 
portant role in absorbing the electrons gained by the 
system. The latter statement gains support from the 
fact that in all half-cell reactions in which either hydro- 
gen ion, water, or hydroxide ion is involved, the pH of 
the solution is increased during reduction and decreased 
during oxidation. Thus, in the half-cell oxidation of 
sulfite ion to sulfate ion, two electrons are lost by the 
system, though apparently not by the sulfite ion, and 
the pH of the solution is decreased. 

The role played by hydrogen ions in absorbing the 
added electrons in many half-cell reductions is ordinarily 
obscured by the complete identification of charge with 
oxidation state. Through the chemist’s symbolism he 
has come to regard the electronic condition of a hydro- 
gen ion® as identical with that of a hydrogen atom in a 
molecule of water. The fallacy in this idea may be 
demonstrated by consideration of the simple half-cell 
reaction of the hydrogen ion with molecular oxygen: — 


4H+* + O, + 4e- — 2H20 
4H+ + :O=0: + 4e- > 2H:0:H 


Four electrons have been added to the system. In the 
present state of our knowledge, it is useless to question 
what fraction of the four is to be apportioned to the 
oxygen atoms, and what fraction to the hydrogen ions; 
it is certain, however, that the four electrons have not 





8 The argument remains essentially unchanged if hydronium 
ion is substituted for hydrogen ion. Both the oxygen and 


hydrogen atoms should then be considered. 
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been gained exclusively by the oxygen atoms, and there- 
fore that the hydrogen ions must have participated in 
the electron gain. 

Whatever may be the exact fate of the transferred 
electrons in half-cell reactions, there is certainly no con- 
clusive evidence that the mechanism of the reaction 
which takes place when the oxidant and reductant are 
brought into actual contact is a combination of the 
two half-cell mechanisms. So little is known concerning 
the mechanism of redox reactions taking place in a 
single vessel, that any discussion of this particular point 
in most cases must be regarded as pure speculation. 
One may well question, however, whether the actual 
mechanism of the oxidation of sulfite by permanganate 
ion, 2MnO,~ + 5SO;7 + 6H*+ — 2Mnt+t + 580." + 
5H,0, is not simpler than that indicated by the half- 
reactions. 

Even stronger suspicions are aroused in cases where 
the complete equation shows no electron gain or loss 
whatsoever. If the groups which appear to participate 
in the electron transfer cancel each other in the over-all 
reaction, is it necessary to assume that electron gain 
and loss must occur even when the reaction takes place 
in a single beaker? Consider the oxidation of acetalde- 
hyde by hydrogen peroxide: 


H.0O. + 2H* + 2e- — 2H20 


CH,CHO + H:O — 2e- > onc” + 2H+ 
H 





p? 
H.0; + CH;CHO — CH; + H.0 
oe HH 


H 
H 30: 
H:0:0:H + CH;-C::0 — CH;-C::0 + H:0:H 


Electron transfer does not seem to be involved in this 
reaction at all, unless it is assumed to proceed by the 
mechanism indicated for the half-cell reactions. 

The oxidation of sulfite ion by selenate ion in acid 
solution presents an analogous case in inorganic 
chemistry : 


SeO," + 2H* + 2e- — SeO;= + H:O 
SO; + H.O — 2e- — SO, + 2H+ 


SeOQ," + SO3;" — SeO;= + SO,= 





‘The electron gain and loss in the half-cell reactions seem 


to have centered about the water molecules and hydro- ° 


gen ions, which do not appear in the complete equation. 


THE HALF-CELL CRITERION 


It may be argued that, whether or not the actual 
mechanism of the complete reaction is that represented 
by the half-cell equations, nevertheless the fact that a 
given transformation can be separated into half-cell 
reactions establishes it as an oxidation-reduction 
reaction; 7. é., the possibility of its being carried out 
at the electrodes of a voltaic cell might be set up as the 
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necessary and sufficient requirement for a redox reac- 
tion. Two objections to such a criterion are immedi- 
ately apparent. In the first place, it would be difficult 
to apply; considerable study would be required in 
many cases, before a decision could be reached. For 
most reactions conducted in nonaqueous solutions, 
particularly in the field of organic chemistry, the data 
necessary for such an evaluation are not available. 

Secondly, such a definition places a narrow limit upon 
our concept of oxidation-reduction. A host of trans- 
formations now classified as redox reactions, particu- 
larly disproportionations and nonionic reactions taking 
place in the dry state between solids or gases, could not 
possibly be carried out in half-cells. Those who would 
adhere rigidly to the idea of electron transfer in all 
redox reactions would have to resort to unrealistic 
hypotheses to make the facts conform to their defini- 
tions. They might, for example, balance the equation 
for the reaction between molten potassium nitrate and 
carbon in the following manner: 


2X (Nt5 + 2e- — N*) 
Co — 4e- + C+ 





QNt5 + C0 + 4e- — 4e— > 2N+8 + CH 
2KNO; + C —~ 2KNO, + CO: 


The significance of the superscripts in such cases is 
usually not clear, although it appears that the numbers 
are intended to indicate not charge, but rather oxida- 
tion state. The argument would have to be that re- — 
duction is a gain, and oxidation a loss of electrons; 
hence, a nitrogen atom which has lost two oxidation 
state units must have gained two electrons, and a 
carbon which has been increased in oxidation state by 
four units must have lost four electrons. The loss of 
four electrons by a carbon atom must not, however, be 
considered as forming a quadruply charged carbon 
cation! One cannot help wondering what is gained by 
the use of arbitrary oxidation units as a basis for false 
assumptions concerning electron transfer, to serve as 
aids in the balancing of an equation which might have 
been balanced more easily by use of the oxidation state 
units themselves. 

If we were to define as oxidatipn-reduction any 
chemical change which might be represented as the 
sum of two half-reactions, real or assumed, one showing 
a loss, the other a gain, of electrons, our definition 
would indeed be broad enough to fit our present con- 
cept of oxidation-reduction. For instance, the chlorina- 
tion of methane to form methyl chloride might be 
formulated as follows: * 


Ch, + 2e— — 2CI- 
CH, + 2CIl- — 2e- — CH;Cl + HCl 


CH, + Chl, — CH;Cl + HCl 





Unfortunately, however, many changes which are not 
ordinarily regarded as redox reactions would also be in- 
cluded within the scope of this definition. In fact, 
familiar electrode reactions may readily be combined to 
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give a large number of reactions which are not of the 
redox type. For example, the half-cell reactions 
at a Ag, AgI (s), I~ electrode and a Ag*, Ag electrode 
may be represented as follows: 
Ag +I- —e —Agl 
Agt +-¢" —> Ag 

These may be added to give Agt + I~ + Ag], an equa- 
tion which is not usually thought to represent a redox 
reaction. Similarly, for Pt, H,, NH,+, NH; (liq.) and 
H,0, H;0*, He, Pt electrodes, we may write * 


1/, He + NH; — e~ — NH,* 
H;0O+ + e~ — !/2H2 + H2O 


NH; ole H;0+ — NH,+ + HO 





It might be argued, of course, that the last two exam- 
ples are not redox reactions because the transformations 
responsible for the electron loss and gain in the half-cells 
cancel each other in the over-all reaction. It would be 
very difficult, however, to prove that such a statement 
has any more justification here than it would have had 
in the cases previously discussed, of the oxidation of 
acetaldehyde by hydrogen peroxide or of sulfite ion by 
selenateion. The last-mentioned two, nevertheless, are 
universally conceded to be redox reactions, whereas 
the other two are not. 


OXIDATION STATE CONCEPT 


How have chemists thus unerringly ascertained that 
the change from sulfite ion to sulfate ion is oxidation 
and that the change from ammonia to ammonium ion is 
not? Whether we like it or not, we must admit that 
the question has been decided entirely on the basis of 
purely arbitrary oxidation states! According to our 
generally accepted conventions, which are too well 
known to require enumeration here, the oxidation state 
ot sulfur is increased by two units in the transformation 
from sulfite to sulfate; on the other hand, there is no 
change in the oxidation state of nitrogen in the forma- 
tion of ammonium ion from ammonia.° 

From all of the foregoing, we are inescapably driven 
to the conclusion that according to present usage oxida- 
tion-reduction is not a fundamental type of reaction at 
all, but merely an arbitrary arithmetical concept; and 
that we err, therefore, in attempting to define oxidation- 
reduction, while maintaining the present concept, as if 
it were fundamentally different from all other types of 
reactions. 

The question might well be raised how a concept so 
arbitrary as that of change of oxidation state ever came 
to gain such wide acceptance samong chemists, whose 
squeamishness about dependence upon an arbitrary 
rule or convention is demonstrated in their persistent 
attempts to characterize oxidation-reduction as a 





® By our present conventions, we differentiate sharply between 
the coordination of an oxygen 4tom and of boron trifluoride to a 
tertiary amine, between the coordination of a sulfur atom to the 
sulfite ion and of a proton to an ammonia molecule, and between 
the addition of carbon dioxide to Grignard reagents and to water. 
The first cited transformation of each pair is generally regarded 
as oxidation-reduction, the second is not. * 
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fundamental natural phenomenon. The authors sus- 
pect that the answer to this question is to be found in 
the simple fact that the idea of oxidation state is 
eminently useful. In the writing of formulas, in the 
balancing of equations, in calculating equivalen: 
weights, as an aid to the memory, even the most en- 
thusiastic advocates of the electron-transfer definition 
of oxidation-reduction probably employ the oxidation 
state rules many times a day. Even though the merc 
mention of any compound may immediately conjure 
up in one’s mind an electronic formula complete with 
resonance structures, use of the oxidation state idea is 
still, for many purposes, a time- and labor-saving device. 
Elementary students certainly find it so, however mucl 
the teaching of electronic structure may be emphasized. 

The authors do not propose, therefore, that the 
present concept of oxidation-reduction be abandoned ir: 
the teaching of chemistry. They feel, rather, that it 
is both intellectually honest and pedagogically sound to 
point out that the idea of oxidation state, though 
arbitrary, is highly utilitarian. We may then, not too 
reluctantly, fall back on the simple definition of oxida- 
tion which gives it, more nearly than any other defini- 
tion, its generally accepted meaning: namely, an in- 
crease in valence number (or oxidation state). Reduc- 
tion is a decrease in valence number (or oxidation state). 
All oxidation-reduction equations may, if desired, be 
balanced readily by the oxidation state change method, 
which, though arbitrary, is arithmetically unassailable.’” 
For all simple ions, the oxidation state corresponds in 
sign and magnitude to the ionic charge. In complex 
ions, the value for a given atom is calculated by the use 
of the arbitrary rules to which we have previously re- 
ferred. In all clear-cut cases of complete electron 
transfer between ions, and in half-cell reactions, the 
fact that electron loss is oxidation and that electron gain 
is reduction should indeed be emphasized. However, 
two classes of oxidation-reduction should be clearly 
recognized; namely, those that involve electron trans- 
fer and those that do not. 

Use of these definitions by no means implies the re- 
jection of half-cell equations. On the contrary, the 
importance of half-cell reactions in electrochemistry 
may be stressed, whether or not the complete equation 
for the cell reaction represents a redox change. The 
ion-electron method for balancing equations may be 
employed consistently for reactions known to occur in an 
electrochemical cell, provided that no general implica- 
tion is made concerning gain or loss of a definite number 
of electrons by specific atoms or ions, and if it is not 
universally assumed that electrons are actually trans- 
ferred in the total reaction. 

For reactions which cannot be separated into half- 
cells, the authors certainly believe it to be preferable 
to balance equations by the oxidation state change 
method. This idea may be surprising to many teachers 
who have become accustomed to believing that there 
are several unique virtues inherent in the ion-electron 
method. For that reason, we shall discuss very briefly 

10 VANDERWERF, C. A., J. Chem. Educ., 22, 218--21 (1945). 
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a number of the claims frequently made for the ion- 
electron method of balancing redox equations. 

First of all, it is sometimes stated that only equations 
balanced by that system include exclusively those sub- 
stances the amounts of which are changed in a signifi- 
cant manner during the coursé of the reaction. A few 
minutes’ trial, however, will serve to convince the 
reader that ionic equations may be balanced as readily 
as molecular equations by the oxidation state method. 
Further, it is claimed that the ion-electron method is so 
general as to cover all reactions which can be conducted 
in aqueous solution. However, for the inorganic chem- 
ist who is concerned with reactions in nonaqueous sol- 
vents, as well as for the organic chemist, that is not 
general enough. 

The ion-electron method, it is said, affords peculiar 
insight into the influence of each substance, particularly 
of hydronium ion, on the course of the reaction. For 
half-cell reactions, this statement is obviously true, but 
for the complete reaction as carried out with the react- 
ants in contact, two identical balanced ionic equations 
are obviously equally informative, irrespective of the 
method which was employed to balance them. In the 
oxidation state change method, as in the ion-electron 
method, no assumption is made as to the true mecha- 
nism of the redox reaction when carried out in a single 
vessel. The fact that students trained in both methods 
almost invariably find the former to be quicker, is not 
insignificant. 

Numerous writers have deplored the occasional in- 
trusion of fractional oxidation state values in the balanc- 
ing of equations. The present authors are not much 
disturbed over the fact that an admittedly arbitrary 
number may, in some cases, turn out to be fractional. 
Both the ion-electron and oxidation state method are 
applicable to the balancing of a redox equation in- 
volving, for example, tetrathionate ion. Neither 
method affords any peculiar insight into the nature of 
that ion, although the latter is perhaps slightly more 
illuminating inasmuch as the fractional oxidation state 
value suggests that all of the sulfur atoms in the ion 
are not equivalent. To understand the structure of the 
tetrathionate ion, the student certainly should con- 
struct an electronic formula, but, having done so, he will 
still be obliged to employ some other device to bal- 
ance systematically a redox equation involving that ion. 


OTHER POSSIBLE CONCEPTS 


In conclusion, it might be of interest, from an aca- 
demic standpoint, to inquire into the possibility of 
formulating a new concept of oxidation-reduction which 
would distinguish it fundamentally from all other 
types of chemical reactions. In clear-cut cases of simple 
electron. transfer between two types of units only, 
fundamental electronic definitions are easily applied. 
We might, therefore, limit our concept of oxidation- 
reduction and define the process as a ‘‘chemical reaction 
involving complete electron transfer between two types 
of units, only.’’ Such a concept would be a narrow one, 
of course, and would offer no basis for balancing ‘the 
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more complex of the equations which represent what 
are at present considered redox reactions. 

Broadening the concept somewhat, we might classify 
as oxidations all half-cell reactions in which electrons are 
released, and as reductions all half-cell reactions in 
which electrons are added. Such a division, while ex- 
perimentally exact, would still be somewhat arbitrary 
because of the fact that many entirely analogous 
changes would be excluded by the circumstance that 
they cannot be carried out in electrochemical cells. 
On the other hand, if the complete cell reaction were, 
in all cases, to be regarded as oxidation-reduction, then 
the definition would include many reactions not now 
regarded as oxidation-reduction. In general, however, 
the concept would be much narrower than our present 
arbitrary one based on oxidation states, and it would 
not provide a method for the balancing of nonionic 
redox equations. 

Undoubtedly what the chemist has in mind, perhaps 
often vaguely, when he thinks of the oxidation of a 
certain atom, molecule, or ion, is a decrease in the 
electron density about that atom, molecule, or ion. 
Reduction, conversely, connotes an increase in electron 
density. As a matter of fact, gain in oxidation state 
may in many cases be directly correlated with a de- 
crease in electron density, and loss in oxidation state, 
with an increase in electron density. 

The completely generalized concept, then, would be 
that which would classify as oxidation any decrease in 
electron density, and as reduction any increase in elec- 
tron density. Practically all chemical changes would be 
included. Lewis acid-base reactions would be one type 
of oxidation-reduction phenomena, with the acid cor- 
responding to the oxidizing agent, and the base to the 
reducing agent. Similarly, Ingold’s'' electrophilic 
reagents would be classified as oxidizing agents, and 
nucleophilic reagents as reducing agents. 

In such clear-cut cases of electron transfer as that in- 
volved in the reaction between metallic sodium and 
chlorine gas, for example, the correct application of this 
generalized definition is obvious. Sodium, having de- 
creased its electron density, was oxidized in the process; 
chlorine, having increased its electron density, was re- 
duced. In certain other cases, the usual conventions 
would be reversed. The carbon atoms involved in the 
oxidations of trinitrobenzene to picric acid and of 
acetaldehyde to acetate ion, having undergone an in- 
crease in electron density, would actually be considered 
to have been reduced, and the oxygen atoms to have 
been oxidized. 

In all of the above cases, statements concerning the 
relative densities about the various atoms concerned 
can be made with reasonable certainty. Until some 
exact general method of measuring or predicting elec- 
tron densities is made available, however, the gen- 
eralized redox definition could not always be applied 
with assurance. How, for example, is the electron dens- 
ity about the sulfur atom in a sulfate ion to be compared 
with that in sulfur dioxide? 

11 INGOLD, C. K., Chem. Revs., 15, 265-70 (1934). 
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Hence the generalized oxidation-reduction concept, 
though perhaps offering satisfaction to an experienced 
chemist by leading to a higher degree of systematiza- 
tion,’ is not to be recommended as a basis for the 


“12 For example, we say that the typical reagents which add to 
simple olefins are either strong acids or oxidizing agents. Using 
the generalized concept, we should find the term “oxidizing 
agents”’ sufficient. 
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definitions taught to elementary students. Its use pre- 
supposes a thorough knowledge of the principles of 
atomic and molecular structure, and, as the definitions 
are in no sense quantitative, they suggest no method for 
balancing equations. Once again, for the most general 
practical definitions, we are forced to turn to the con- 
cept of change in valence number. 


Here and There in the Inade Literature 


O CHEMIST can be considered well informed to- 
day unless he knows more than a little about the 
“antibiotics,” of which penicillin is the best known ex- 
ample. The spring number of Research Today (Eli 
Lilly and Company, Indianapolis 6, Indiana) is entirely 
devoted to this fascinating field, with one article parti- 
cularly on the biochemistry of these substances. Sev- 
eral color illustrations make the number especially 
attractive. The.introduction to the whole subject is 
well summed up in the one paragraph: 


‘‘The soil is perhaps the richest source of organisms with anti- 
biotic activity. It abounds with living organisms engaged in a 
ceaseless battle for existence. One of the properties commonly 
possessed by these microorganisms is their ability to excrete sub- 
stances which tend to repress the growth of or to kill their neigh- 
bors.” 


The June Dow Diamond (Dow Chemical Company, 
Midland, Michigan) contains a rather brief, but well- 
illustrated account of the recovery of bromine from sea 
water, and ‘16 pages of facts about plastics.” The 
latter feature, called a “plastics primer,’’ is a good start 
for anyone who wants to orient himself in this broad 
field. 


An interesting feature in the last number (vol. 19, 
no. 4) of Inco (International Nickel Company, 67 Wall 
St., New York 5, New York) describes how war re- 
search has increased the efficiency of permanent mag- 
nets. We quote: 


‘‘While no one has yet answered the questions as to what is and 
why is a magnet, science nevertheless has progressed rapidly in 
adapting the common—or permanent—magnet to hundreds of 
useful applications. Many of these developments have come 
within the past decade in which, according to engineers of Gen- 
eral Electric, more progress has been packed than in the 300 
years preceding. 

‘‘War has intensified the use and the improvement of the mag- 
net. Recently, one made of Alnico—an alloy of aluminum, 
nickel, and cobalt with iron—was designed that could lift 4450 
times its own weight. This may be only a starter according to 
the experts. Many uses are now forecast in which the permanent 
magnet will form the core of many commercial and household 
appliances. As their magnetic power increases, it is expected 
that these magnets will be able to replace much heavier and 
bulkier electromagnets which require conveniently available 
sources of electric power. 

“Before the war these experts foresaw such commercial possi- 
bilities as a coffee maker that automatically turns down the heat 
when the coffee is done, letting it stay warm but not allowing it 


to become overcooked; an electric flatiron that automatically 
switches off the juice when the iron is even momentarily out of 
use; a magnetic wire recorder, an ingenious device that can re- 
cord 66 minutes of continuous speech on a spool of wire no longer 
than a doughnut; and many more timesavers and conveniences. 

‘In wartime, magnets are going into all sorts of applications— 
airplanes, tanks, all kinds of motors, secret fighting equipment, 
radio, communication systems of all kinds, and the like. They 
have enabled fighting men to replace back-breaking equipment 
with light, portable models of reduced size and weight. They 
have increased the sensitivity of many delicate measuring and 
electrical devices. It is on this basis alone that forecast is made 
of their widespread future influence on radios, hearing aids, and 
telephones—even on refrigerators and locks. 

“A recent dispatch from Chicago described the adoption of a 
new piece of equipment by the Chicago police department’s crime 
detection laboratory. This new acquisition is a powerful Alnico 
magnet designed for lifting revolvers and other weapons from 
river and lake bottoms. It has a lifting capacity of 175 pounds. 
Heretofore police had used electromagnets which were cumber- 
some and required many accessory devices, and even then were 
able to lift only 40 pounds. 

“Improvements in the permanent magnet are attributed by 
G-E engineers to the introduction of new alloys which have much 
improved magnetic properties and increased resistance to out- 
side sources of demagnetization. 

“Ten years ago, according to engineers, there were four ma- 
terials out of which permanent magnets were commonly fash- 
ioned. Today, at least 15 alloys, each of which shows astound- 
ing properties, are available. Moreover, one of the most im- 
portant of these is an improved Alnico—Alnico V—which ex- 
hibits 20 times more total energy than chromium steel, a magnet 
material that formerly had wide asage.”’ 


One of the largest salt mines in the world, a quarter- 
mile beneath the busy streets of Detroit, is described in 
The Crown (Crown Cork & Seal Company, Box 1837, 
Baltimore 3, Maryland) for July. 


‘“‘How were the salt deposits made? One theory of the de- 
position of the salt beds which is only one of many theories but is 
believed logical according to studies of the strata and formation, 
there at one time existed an arid basin covering an area including 
Southern Michigan and Northern Ohio. A periodic inflow of 
water from the ocean covered this basin, the liquid evaporated, 
the salt precipitated, and from the resulting crystals was formed 
a huge salt bed estimated to bea thousand feet in depth in some 
parts of Michigan. The different strata or inundations can be 
clearly seen in the salt bed down in the mine. There are 25 to 
80 separate deposits in one bed. It is believed that they were 
formed at the rate of about one inch every ten years. All this 
it must be remembered, happened 300,000,000 or more years ago.” 


“The reclamation and disposal of refinery wastes’’ is 
a problem of some magnitude in the petroleum in- 
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dustry. James W. Wright discusses the question in 
the July Pure Oil News (Pure Oil Company, Chicago 1, 
Illinois). 


The May number of Lubrication (Texas Company, 
135 E. 42nd St., New York 17, New York) is entirely 
devoted to the manufacture of greases. This aspect of 
the petroleum industry is not frequently discussed, and 
the part that soap plays, for example, in the production 
of greases may be new knowledge to some readers. 


A very interesting description of how ‘Electronics 
helps to find oil’s secrets’’ is a principal feature of the 
June Socony-Vacuum News (Socony-Vacuum Oil Com- 
pany, Inc., 26 Broadway, New York 4, New York). 
It includes a useful “frequency spectrum.” 


If you want to learn ‘‘How the Germans lost the war 
of oil” read the June number of The Lamp (Standard 
Oil Company of New Jersey, 30 Rockefeller Plaza, New 
York 20, New York). The article is a real contribution 
to the history of the European War. In addition to 
this, one of the most comprehensive accounts we have 
seen of the development of butyl rubber is to be found 
in the same issue. 

The interesting part of the story is how butyl rubber 
grew out of a search for blending agents to improve 
lubricating oils. This eventually led to the production 
of a blending agent called Paratone, consisting prin- 
cipally of polyisobutylene. In the course of these ex- 
periments catalytic processes of polymerizing isobutyl- 
ene were discovered which resulted in a “rubbery” 
product, which, however, could not be vulcanized and 
was therefore useless. Further work showed that by 
polymerizing isobutylene with butadiene a ‘‘copoly- 
mer” could be made which could be vulcanized and had 
many desirable rubber-like properties. Later, isoprene 
was substituted for butadiene, and the present butyl 
rubber is the result. One of its most valuable proper- 
ties is its high resistance to diffusion of air, which makes 
it superior to natural rubber for inner tubes or tires. 


“Structure control of gray cast iron’’ is a metal- 
lurgical article in the spring number of the Vancoram 
Review (Vanadium Corporation of America, 420 Lex- 
ington Ave., New York 17, New York), illustrated with 
a few good photomicrographs. There is also to be 
found an interesting account of the use of “threads of 
stainless steel” for nonabsorbable surgical sutures. 


“Metallic ‘threads,’ as fine as human hair, have taken their 
place among the materials used for surgical sutures—which, in 
addition to silk and catgut, include such diversified materials as 
silkworm gut, nylon, cotton, linen, horsehair, and even sinews 
from kangaroos’ tails. 

‘Although stainless steel has long been recognized as an ideal 
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metal for surgical instruments because of its resistance to many 
corrosive media and similar metal wires have had numerous uses 
in surgery, the adoption of a specially heat-treated chrome-nickel 
alloy steel as the ideal metal suture material follows a period of 
six years of research and testing in the laboratories of Davis & 
Geck, Inc., world’s largest manufacturer of surgical sutures.” 


The wartime development of insecticides, especially 
DDT, is discussed in the current number (vol. 15, no. 
14) of The Laboratory (Fisher Scientific Company, 717 
Forbes St., Pittsburgh, Pennsylvania). 


The second installment of ‘Penicillin production— 
miracle of World War II” appears in the July Merck 
Report (Merck & Company, Inc., Rahway, New Jer- 


sey). 


The following item on cold storage is quoted from 
the July number of the Westinghouse Newsfront (West- 
inghouse Electric & Manufacturing Company, 306 
Fourth Ave., Box 1017, Pittsburgh 30, Pennsylvania): 


‘‘When you open and close the door to your refrigerator, you 
lose very little of the ‘cold’—much less than most people think. 
In fact, Westinghouse engineers found by test that opening a 
large-size refrigerator the same number of times a home freezer 
is opened each day—even in air as hot as 90 degrees—increased 
the electricity consumed by less than 2 per cent. 

“Similar tests on top-opening, chest-type home freezers showed 
slightly greater increase in electrical consumption, because doors 
were kept open longer and more packages had to be removed and 
exposed to room temperature. 

‘‘Based on this fact, Westinghouse engineers have designed a 
new upright home freezer with doors on the front like electric 
refrigerators, thereby achieving easy reach-in convenience in the 
handling of stored foods and gaining lower operating costs. The 
new freezer will be manufactured by Westinghouse in three mod- 
els for city and farm use shortly after civilian production of 
electric appliances is resumed.” 


Tire conditions will not hamper postwar rehabilita- 
tion of automotive transportation, it is declared in an 
article in the last number of Ethyl News (Ethyl Corpora- 
tion, 405 Lexington Ave., New York 17, New York). 

From the rubber industry comes the prediction that 
neither the quantity nor the quality of synthetic tires 
will prevent full restoration of motoring. Driving 
speeds, annual mileages, or gasoline consumption will 
not be restricted, it is held. 

This forecast, applying to all types of vehicles, as- 
sumes that for some time after the war with Japan is 
over the burden of tire supply will fall mostly upon syn- 
thetic rubber, it is explained. 

James J. Newman, vice-president of the B. F. Good- 
rich Company, is quoted as saying that “it is highly 
improbable that any restrictions on the number of cars 
in operation, or on the miles per vehicle which they 
travel, or on the speeds at which they travel, will be im- 
posed by tire supply limitations.” 


Any job done reluctantly is a difficult one. 





M. M. Pattison Muir (1848-1931) 


RALPH E. OESPER 


University of Cincinnati, Cincinnati, Ohio 


HE hopes and ambitions of fathers are often realized 
only in the successes of their sons. Likewise many 
teachers, standing in loco parentis, find their greatest re- 
wards in the accomplishments of their students. Every 
college teacher of science is eventually confronted with 
the eternal question: teaching or research? Those who 
choose teaching as their main business are not well re- 
membered, or at least not very long. They leave little 
behind beyond the affectionate and respectful gratitude 
of those whose lives have been shaped and bettered by 
contact with these unselfish men. Such grateful senti- 
ments are ephemeral at best, and for the most part are 
felt rather than expressed. James Hilton caught con- 
siderable of this spirit in his ‘‘Mr. Chips,’’ and much of 
the popularity of this book came from those who recog- 
nized that he had said what they had been wishing to 
say to their revered, self-sacrificing teachers. 

Matthew Moncrieff Pattison Muir was born on No- 
vember 1, 1848, at Glasgow. He was educated at the 
University there and then at Tiibingen. The Franco- 
Prussian War closed the German universities before he 
could obtain his doctorate. He returned to Scotland 
and in 1871 was appointed Demonstrator in Chemistry 
at Anderson’s College, Glasgow, where T. E. Thorpe 
was his chief. In 1873 he became Demonstrator and 
Assistant Lecturer under Henry Roscoe at Owens 
College, Manchester. His record was so good that in 
1877 he was called to Gonville and Caius College, Cam- 
bridge, as Praelector. He served this school for 30 
years. When he retired from active teaching in 1906, 
he was a Fellow of the College, and held the rank of 
Lecturer and was also head of the College Chemical 
Laboratory. Characteristically, he had not sought 
high places nor flashy distinctions. He was a member 
of the Council of the Chemical Society from 1890 to 
1894; the Royal Society of Edinburgh made him a 
Fellow in 1873. The degree Hon. M.A. was conferred 
at Cambridge in 1880. Not a long nor impressive list. 

At the beginning of his career he published con- 
stantly. He, either alone or with young collabora- 
tors, published 18 papers on bismuth compounds, so 
that for a time he was known in chemical circles as 
“Bismuth Muir.’”’ However, he then forsook active 
laboratory research, though he always advised promis- 
ing young men to enter this phase of chemistry. 

He specialized in teaching, and many hundreds of 
prospective scientists, and especially pre-medicals, 
learned at least the essentials of chemistry under him. 
His lectures were clear, well delivered, and interesting. 
Basic principles and broad generalizations were empha- 
sized rather than details. He experimented a good deal 
with teaching methods and his excellent texts are still 


good reading. The laboratory exercises were an in- 
tegral part of his system of chemical education and he 
gave particular attention to the students while they 


were engaged in following a carefully planned series of 


preparations, analyses, etc. Neatness in the labora- 
tory was one of his pet requirements. His terse de- 
scription of a poor student, who was also slovenly, could 
well be displayed as an admonition to students every- 
where: ‘‘Desk in a puddle, brain in a muddle.” 

For the beginners he wrote a number of texts, includ- 
ing: ‘‘Practical Chemistry for Medical Students” 
(1878); “Elementary Chemistry” (with C. Slater) 
(1887); ‘‘Practical Chemistry, A Course of Laboratory 
Work” (with D. Carnegie) (1887); ‘‘Tables and Direc- 
tions for the Qualitative Chemical Analyses of Moder- 
ately Complex Mixtures of Salts’’ (1895). His charm- 
ing ‘“The Chemistry of Fire’’ (1893) had as its object 
“to set forth in a simple way the chief elementary prin- 
ciples of chemistry by the study of a common occur- 
rence, namely, the burning of a candle.’’ This book, 
in 160 pages, covers the essence of a good short course, 
and goes far beyond Faraday’s ‘The History of a 
Candle,” which inevitably is called to mind. ‘To know 
what to omit has been one of the most difficult parts of 
my undertaking. The chemical student is too often 
subjected to a shower-bath of facts; he is made to feel 
that to sit as a passive bucket and be pumped into— 
can in the long-run be exhilarating to no creature.” 
Those who write general chemistries, and those who 
teach beginners from these encyclopedic texts can find 
good food for thought’ in this excerpt from Muir’s 
Preface to his “Treatise on the Principles of Chem- 
istry” (1884). This text, intended for those who 
possessed some knowledge of descriptive chemistry, 
dealt with the theories of modern chemistry from a his- 
torical point of view, and the author traced the con- 
nections between the older and the current theories. 
“It is hoped that the student may thus gain a firmer 
grasp of these theories than he is able to do when they 
are put before him as entirely creations of recent times.” 
A second editon appeared in 1889. 

A very successful venture into a new (for him) field 
was a second edition of Watt’s ‘Dictionary of Chem- 
istry.”’ This classic was entirely revised and rewritten 
by Muir and F. H. Morley, assisted by eminent con- 
tributors. In these four volumes (1898-1901) they pre- 
sented ‘‘a valuable and up to date abstract of the 
science.”’ In 1885, with the collaboration of D. M. Wil- 
son, he published ‘‘Elements of Thermal Chemistry.” 

Muir was an ardent student of the history of chem- 
istry. He wrote entertainingly and effectively in this 
field. In his “Heroes of Science” (1883) he ‘‘endeavorec 
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to exhibit, by selected biographies, the progress of 
chemistry from the beginning of the inductive method 
(Black) until the present time.’”’ In 1893 he published 
“““he Alchemical Essence and the Chemical Element; an 
Episode in the Quest of the Unchanging.’ “The Story 
of the Chemical Elements,” a historical account, ap- 
peared in 1896. This was followed (1899) by ‘“‘The 
Story of the Wanderings of Atoms. Especially Those of 
Carbon” and by ‘‘The Story of Alchemy and the Begin- 
nings of Chemistry’’ in 1902. His great “History of 
Chemical Theories and Laws’’ appeared in 1909. ‘‘The 
more I try to understand chemistry, the more I am con- 
viaced that the methods, achievements, and aims of the 
science can be realized only by him who has followed 
the gradual development of chemical ideas.’ His last 
book (1914) in this field was ‘‘Roger Bacon, his Rela- 
tions to Alchemy and Chemistry.” 

Professor Muir was not only a good teacher and effec- 
tive writer, he was also a good friend and wise counsel- 
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lor to his boys. Tea was served in the advanced labora- 
tory every day, and teachers and students came to- 
gether for a profitable interlude. His home was always 
open, and even shy undergraduates soon learned to take 
advantage of this hospitality. He and his wife were 
affectionately remembered by the students after they 
left Cambridge, and many wrote to him regularly. 

After he retired, he lived at Farnham and later at 
Norwich. He continued his literary work, though his 
efforts were mainly along nonscientific lines. He gave 
lectures, and took an active part in helping the public 
libraries of the city. His two sons entered the church, 
and Muir moved to Epsom, where the elder son was 
vicar. Muir was a deeply religious man, but his views 
were ofte1 at variance with the orthodox Scotch tenets. 
In politics he was an ardent follower of Gladstone, and 
believed strongly in Home Rule. Professor Muir died 
at Epsom on September 2, 1931, at the age of 82. His 
indeed had been a life filled with service. 


LETTERS 


To the Editor: 

I was very much interested in the article by Martin 
Meyer [in the July issue] as I am one of the high-school 
chemistry teachers who think that college chemistry 
teachers should give some recognition to our high-school 
students who have had chemistry. The recognition 
that Mr. Meyer gives is very satisfactory to me. That 
is, he puts them into a course in college chemistry which 
is different from the course that he offers for those stu- 
dents who have not had high-school chemistry. The 
thing to which I object is the fact that in many colleges 
students who have had high-school chemistry and those 
who have not are both put in the same course, and no 
differentiation is made in their college work as a result 
of their high-school experience. 

Conclusion no. 2 of Mr. Meyer’s does not seem to 
follow some of the answers that he received to his 
questionnaire. He gave his questionnaire to students 
in his course where high-school chemistry was a pre- 
requisite. One would naturally expect these students 
to be in favor of such an arrangement. The fact that 
only 17 students out of 159 said that they did not think 
it worth while to take a year of college chemistry after 
a year of high-school chemistry means that in Brooklyn 
College they: ‘are doing quite a good job of offering 
college chemistry to those students who have had high- 
school chemistry. It does not seem to bear upon the 
question of the alternative method of taking care in 


college chemistry of those who have had high-school 
chemistry; namely, to excuse them all or in part from 
the first year of college general chemistry. 

On page 327 Mr. Meyer argues mathematically that 
it would not be wise to excuse a student with high-school 
chemistry from the first year of college chemistry. 
With that, of course, a person must agree if he accepts 
Mr. Meyer’s first premise; namely, ‘‘A year of college 
work is more than the equivalent of a year of high- 
school study, say; in the ratio of 2 to 1.’’ However, if 
we accept that premise, then we can prove by the same 
line of reasoning that it would raise the level of college 
achievement in chemistry if we allow such a student to 
enter the second semester of the first-year college 
chemistry course. If we did that then such a student 
would be entering the class with one year of prepara- 
tion, and the other students in the class who have had 
the first semester of coliege chemistry would also have 
the equivalent of one year of preparation. The average 
level would thus be represented by 1, and the variation 
of the extremes from the average would be 0 per cent. 
(To change slightly his next-to-the-last sentence on 
page 327), It is, therefore, conclusively clear that the 
adoption of this proposal would markedly increase the 
quality level of college courses in chemistry. 

JoHN M. MICcHENER 


Wicuita Hicu ScHoor EAst 
WICHITA, KANSAS 


When a man feels that the world owes him a living, he is usually to lazy to collect it. 





Bridges on the Chemical Highway 


J. N. TAYLOR 


Bureau of Foreign and Domestic Commerce, Washington, D. C. 


CHEMISTRY’S contribution to everyday living—at home, 
at work, or at play—is well known to all. _ Our food and clothing, 
the houses we live in and their furnishings, our transportation 
facilities, and even our amusements are in many cases dependent 
upon chemical processes. To just what extent chemical interme- 
diates—those bridges between primary and finished organic 
chemicals—enter into our daily lives is not generally understood. 

As the term indicates, intermediates are materials part-way 
betweeen primary and finished products. Chemical intermedi- 
ates, as the chemist classifies them, include those of both cyclic 
and acyclic origin. The cyclic intermediates are generally coal- 
derived, that is, from coal tar or coal gas, although some of them 
may be of petroleum origin, while the acyclic or noncyclic inter- 
mediates are obtained from petroleum and natural or waste 
gases, as well as through wood distillation or fermentation proc- 
esses. Phenol—carbolic acid—and methanol—wood alcohol— 
are, respectively, typical examples of cyclic and acyclic interme- 
diates. 

The distinction between intermediates and finished products is 
at times arbitrary but when a product falls logically into more 
than one category, it is usually classified by the producer as an 
intermediate. In many instances intermediates have end uses in 
themselves that place them in a finished product status as well 
as in the “‘halfway-house”’ category. 

Refined naphthalene is familiar to the housewife in the finished 
form as mothballs and to the chemist as an intermediate be- 
tween black, sticky coal tar and brilliant, many-hued dyes. An 
outstanding example of this dual functioning is paradichloroben- 
zene, extensively used as an insecticide and deodorant and also 
employed as a stepping stone between benzene and certain dyes. 
On the other hand, dichlorodiphenyltrichloroethane, popularly 
known as DDT, is used exclusively as an insecticide and properly 
comes within the category of finished products. 

It has long been general industrial practice to consider cyclic 
intermediates as coal-tar intermediates regardless of origin. 
They are not found as such in coal tar but afe prepared from coal- 
derived or other cyclic crudes by treatment with chemicals such 
as sulfuric, nitric, hydrochloric, and acetic acids, soda ash and 
caustic soda, caustic potash, chlorine, bromine, ammonia, ethyl 
alcohol, and methanol. 

Intermediates so obtained are then converted by complex chemi- 
cal processes into finished products such as dyes, medicinals, 
flavor and perfume materials, photographic chemicals, synthetic 
resins, tanning materials, rubber chemicals, insecticides, ger- 
micides, and other materials. These products in turn find ap- 
plication in industry, and are used by the textile, leather, rubber, 
paper, automobile, aircraft, radio, refrigeration, plastics, paint 
and varnish, food and beverage, drug and pharmaceutical, and 
other groups. 

The output of coal-tar intermediates in the United States has 
increased remarkably since World War I. In 1914 there were 7 
establishments in the coal-tar chemical industry making coal-tar 
crudes, a limited number of intermediates, and a few finished 
products. Dye production was dependent almost entirely on 
German intermediates. A quarter of a century later—in 1939— 
there were 49 establishments engaged primarily in the manufac- 
ture of coal-tar crudes and intermediates. 

Our war-born intermediates industry grew rapidly. Through 
intensive effort the quantity and variety of intermediates produc- 
tion rose until in 1919 the output of coal-tar intermediates was 
reported at 177,000,000 pounds. At the end of a decade (in 


1929), production reached 354,000,000 pounds, and in another 
In subsequent years 
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10 years (in 1939), 607,000,000 pounds. 


(1940-3), domestic output grew at a steady rate until in 1943 
production totaled 1,534,000,000 pounds. 

The foregoing production figures are not strictly comparable, 
however, since current classification practice places certain prod- 
ucts formerly classed as intermediates in specialized groups, such 
as synthetic rubber chemicals, flavor and perfume materials, and 
certain other miscellaneous chemicals in a general group char- 
acterized as photographic chemicals, plasticizers, syntans, and so 
on. 

The composition of various groups arranged for statistical pur- 
poses has not changed appreciably in recent years, however, and 
data on intermediates have been fairly comparable beginning 
with 1936. Increases that have recently taken place in this 
branch of the synthetic organic chemical industry can now be 
portrayed definitely and are shown in the accompanying chart. 

Progress in this branch is measured not only in over-all in- 
creases in output but also in changes in individual intermediates, 
Data showing increases in output of several individual items are 
shown in the accompanying tabulations for 1943 compared with 
1937. Other intermediates showed gains while output of a num- 
ber dropped. 

Among a host of cyclic intermediates, aniline and phenol are 
especially interesting in either wartime or peacetime. Both are 
made synthetically from benzene (benzol) and both fan out into 
many end products having a variety of end uses. For security 
reasons, current statistics regarding their production cannot be 
published. But it can be stated that output has increased con- 
siderably, due to the many demands for manufactured goods 
into which they enter. 

Aniline is made by two processes, from nitrobenzene by reduc- 
tion with iron filings or borings and from chlorobenzene by its 
reaction with ammonia. It is a basic intermediate and large 
quantities are used in the manufacture of other intermediates 
which in turn are used in the preparation of a wide variety of 
products with a number of uses. 

For example, an acetic acid derivative of aniline—acetanilide— 
is converted into other intermediates such as p-aminoacetanilide 
or p-nitroaniline and these into certain dyes, or through the in- 
termediary of acetanilide-sulfonal-chloride into the sulfa drugs. 
It may also be converted into p-phenylenediamine, used in dyeing 
furs and in making rubber antioxidants. Dimethylaniline and 
other aniline intermediate derivatives are employed in various 
ways in making dyes, medicinals, explosives, rubber chemicals, 
photographic developers, and the like. 

Aniline manufacture in the United States began in 1910. The 
annual output reached 2,000,000 pounds in 1914 and in 1917, 
approximately 32,000,000; the 1939 output was 42,000,000 
pounds. In 1940, domestic production was over 55,000,000 
pounds. While this ascensional trend was carried into the war 
years it is quite likely that the wartime peak will gradually di- 
minish. The 1943 acetanilide record output (both technical and 
U. S. P. grades) of 18,823,000 pounds dropped to 4,671,000 
pounds in 1944, owing in part to the drop in sulfa drugs from 
9,860,000 pounds in 1943 to 4,597,000 pounds in 1944. 

Phenol likewise reacts to form a number of offspring. Much 
of the output goes into explosives. Another large consumer is 
the synthetic resin industry, phenolic resins going into a variety of 
molded, cast, and laminated plastics products. Salicylic acid and 
salicylates take large quantities, acetylsalicycylic acid production 
alone in 1940 amounting to 6,410,000 pounds—enough to make 
9,000,000,000 aspirin tablets. Other medicinals, dyes, and 
photographic developers consume considerable amounts. The 

(Continued on page 466) 
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Some Simple Balancing 


ANTHONY STANDEN 
St. John’s College, Annapolis, Maryland 


EVERAL papers which have appeared recently 
(1, 2, 3) on balancing equations seem to have made 
the matter somewhat more complicated than it need be. 
Porges (1) distinguishes three classes of chemical 
equations; first, those in which the number of variables 
exceeds the number of mathematical equations by one, 
second, those in which the number of mathematical 
equations is equal to or even greater than the number of 
variables, and third, those in which the number of 
variables exceeds the number of mathematical equa- 
tions by two or more. 

To the first class belong very many chemical equa- 
tions; they are easily balanced by solving for the math- 
ematical variables in terms of one of them. 

As an example of the second class, Porges gives: 


AsoS3 + (NH4)2S — (NH4)sAsSs 


When solved in terms of As, S, and NHy, three mathe- 
matical equations are obtained, but they are not inde- 
pendent. It can be seen by inspection that the product 
of the reaction can be written—for equation balancing 
purposes—3[(NH4)2S] - As2Ss3. The equation is then ap- 
propriately treated in terms of As,S; and (NH,)2S. 
It is of the form 


A + 3B — AB; 


and it is unnecessary to break it up into the terms As, 
S, and NH, 

True examples of the second class of equations 
abound: every metathesis is one, whether ionic or 
nonionic. Examples: 


AsNO; + KCl — AgCl + KNO; 
BaCl. -f- Ale(SOux)s —> BaSOQ, + AICI; 
CH;I + Mg(C:Hs) Br—> C;Hs + MgBrI 


The ‘‘terms’”’ of this last equation are CH;, I, MgBr, and 
C.Hs. 

It would seem that examples could not be found 
where the number of mathematical equations actually 
exceeds the number of variables; for if the mathemati- 
cal equations were inconsistent, the whole thing would 
be an impossibility, while if they were consistent it 
would indicate that the chemical equation had not been 
appropriately broken down into its terms. 

For the third class, Porges gives: 

HAuCl, -++ K,Fe(CN)s — KAu(CN), + KAu(CN)2 + 

KAu(CN)2Ck + KCl + HCl + [4Fe(CN)3-3Fe(CN)2] 
which must be just about the most complicated chemi- 
cal equation ever written. The divalent gold is reduced 
as well as oxidized, and furthermore the oxidized, tri- 
valent gold shows up in two different molecular species. 
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There is nothing for it but to set out the mathematical 
analysis, and this gives only six equations for eight 
unknowns. Numbering the coefficients of the molecu- 
lar species X,X2X3 ... in the order in which they occur, 
it can be shown that solutions are given by: 


X, = 12K —2 
X2 = 7K 
x3 = 
X=8K-—-1 
X5=4K —3 
Xe = 16K +2 
X; = 12K —2 
X3=K 


where K can have any positive integral value. Thus 
this equation can be balanced in an infinite number of 
ways which are not all multiples of one, simplest way. 

Whenever it occurs that an equation can be balanced 
in different ways that are not related as multiples, this 
is a sign that the equation as originally written is not 
one equation but two equations, or possibly more. The 
way in which these equations are found can be shown 
from the example under discussion. Write tke equation 
for K = 2, write underneath it the equation for K = 1, 
and subtract. The result is 


12 HAuCl; + 7KyFe(CN).s — 8KAu(CN)2 + 4KAu(CN)2Cle + 
16 KCl + 12 HCl + [4 Fe(CN)3-3Fe(CN)2] 


Now write the equation for K = 0. This is 


KAu(CN)2 + 3 KAu(CN)2Ck + 2 HCl 2 HAuCl; + 2 KCl + 
2KAu(CN), 

Both of these equations are of the first type, the number 
of variables exceeding the number of mathematical 
equations by one. It is clear that these reactions might 
take place in any ratio to one another—including non- 
integral ratios—until all the KAu(CN).Cl, from the 
first reaction was used up. 

We can now understand the bizarre, ‘‘nonstoichiomet- 
ric” equations of Steinbach (2). Every one of them 
really represents two chemical reactions, not one. To 
illustrate by one example, 


KMnQ, + H:20:2 + H2SO,—> KHSO, + MnSO, + H20 + Oz 


Mathematical analysis gives only five equations among 
seven unknowns. Accordingly we can write two chemi- 
cal equations: 


4KMnQ, + 8H2SO, — 4KHSQ, + 4MnSQ, + 6H20 + 502 
2H202 “> 2H:0 + Oz 


This is not to say that either of these chemical reac- 
tions can actually take place separately: it is only to say 
that the chemical equations can be balanced separately. 
Again, there is no stoichiometric reason why these reac- 
tions should not take place together in any ratio what- 
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ever. The ratio in which they do take place must be 
determined by experiment, since it probably varies 
with concentration, temperature, etc. 

The “nonstoichiometric’’ equation given by Mc- 
Gavock (3)* 


CsHis > 2 CoHs + CsHe + CHy 
can also be written as two reactions: 
CsHis > CryHu + CHa 
C;Hu — 2 CoHs + CsHe 
Again, this is not to say that the reaction actually does 
proceed by these steps, but only that its stoichiomet- 
ric properties are most easily understood in this way. 
The second equation, since it amounts merely to a par- 


tial depolymerization of ‘“‘methylene,’’ can be balanced 
in many different ways; we have only to take care of 





* Note on erratum in the McGavock article (3): Equations (1) 
and (3) should be interchanged. 
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the carbons, and the hydrogens will take care of 
themselves. It is balanced in smallest numbers with 
the coefficients 1, 2, 1, but there is nothing to prevent 
its being balanced with the coefficients 2, 1, 4, or 3, 9, 1, 
which would produce nonintegral coefficients for the 
original equation if one stuck to the coefficient 1 for 
CsHig and CH,. Before this reaction can be regarded as 
a genuine ‘“‘nonstoichiometric’ reaction, it must be 
shown that it is one reaction. It might be a combina- 
tion of these two reactions: 


2CsHis —> 7CoH, + 2CH, 
3CsHis — 7CsHe + 3CHa 
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A View of the Molecular World 


JOHN G. KIRKWOOD 


EVERY material object in the world is composed of almost 
unbelievably tiny units called molecules; and each of these 
molecules is, in turn, composed of still smaller and simpler units 
called atoms. The everyday behavior of all of the substances 
making up the world in which we live—substances such as the 
leather in your shoes, the glass in your windows, the iron or 
steel in your stove, and the sugar on your table—the everyday 
behavior of all of these is determined by the detailed architecture 
of the molecules of which the substances are composed. Thus 
the scientist wishes to know how the molecules in question are 
built up out of the still smaller units, the atoms; and how the 
atoms are held together, by chemical bonds, in definite struc- 
tural patterns. Finally, how are the properties of the resulting 
substances related to the architecture of their molecules? Only 
when these fundamental questions have been answered can satis- 
factory replies be found to such everyday questions as: Why is 
an alloy steel strong? Why is glass brittle? Why can rubber 
be bent and stretched? 

These molecules and atoms of which I speak are almost un- 
imaginably small. An ordinary-sized atom would have to be 
magnified something like a million times before it would be vis- 
ible to the eye as a tiny speck. But although molecules are much 
too small to be seen with our eyes, we can build instruments to 
see them for us and to record their behavior for our study. One 
such instrument is the spectrograph, which measures the wave 
length—that is to say, the color—of the light emittei and ab- 
sorbed by molecules and atoms. Such observations, when prop- 
erly interpreted, provide us with rich information concerning mol- 
ecules as engineering structures, telling us how strong are the 
chemical joints between the atoms of which the molecules are 
composed; and telling us of what kinds of internal motions and 
vibrations they are capable. Other instruments record on photo- 
graphic plates the telltale patterns produced when the molecules 
of a substance deflect beams of X-rays or electrons. These pat- 


terns are as characteristic as fingerprints; and from them we 
learn the size of molecules, the distances between their compo- 
nent atoms, and how they are packed together to make up the ma- 
terials of our everyday life. 

Some molecules contain but few atoms and possess relatively 
simple structures. 


Other giant molecules contain many atoms 


and are architecturally very complicated. The convenient scale 
of length in the molecular world is the angstrém unit, equal to 
four-billionths of an inch. Some molecules are only a few ang- 
strém units in length, while others are much larger. Thus simple 
molecules like water, composed of one oxygen atom and two hy- 
drogen atoms, are but a few angstréms in length. But giant mol- 
ecules like those of the proteins, cellulose, and rubber, range in 
length from hundreds to many thousands of angstréms. Some 
giant molecules, for example, those of the protein of egg white, 
are shaped somewhat like a football. Others, for example, those 
of the muscle protein, myosin, and the molecules of natural and 
synthetic rubbers are long, flexible, and threadlike. Both natu- 
ral and synthetic rubber owe their characteristic elastic proper- 
ties to the threadlike structure of their molecules, which have a 
tendency to get tangled up. But if we apply a pull to a piece of 
matter composed of the long tangled-up rubber molecules, then 
the specimen stretches considerably, because the mixed-up net- 
work of molecules untangles a bit, even though reluctantly. On 
the other hand, in crystalline substances, for example, common 
table salt and the metals, the molecules and atoms are arranged 
in a most orderly manner, in regular three-dimensional patterns 
which extend throughout the entire crystal. It is a little hard to 
visualize these regular solid patterns of atoms in a crystal. It is 
a little like the repeated pattern on wallpaper, except that the 
wallpaper pattern is only two dimensional or flat, whereas the 
crystal pattern is three dimensional or solid. 

After our brief glimpse at the structure of molecules, it is nat- 
ural for us to ask how they are put together to form the materials 
of the everyday world, and to attempt to discover how it happens 
that under the same conditions some materials like air are gases, 
others like water are liquids, while still others like salt and steel 
are solids. 

Two facts furnish the key to the answers to these questious. 
The first is that molecules, like the sun and the planets, attract 
each other. The intermolecular attractive force is, however, pr - 
marily electrical rather than gravitational in nature. The second 
important fact is that molecules are in a constant state of motior. 
Unlike the ordered motions of the planets, the customary motion 
of molecules is more a chaotic and random dance recalling jive 
and jitterbug. Of course the motion is on far too small a scale 
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for us to see. But we can feel it. What we feel is heat. When a 
substance is cold its molecules are dancing sluggishly; when hot, 
its molecules are dancing briskly. 

The outward appearance of a substance, which we recognize as 
a crystal, liquid, or gas, depends upon a compromise between two 
<ets of influences. On the one hand, the attractive forces between 
ihe molecules tend to keep the molecules in well-ordered arrays 
like accurately marching soldiers. On the other hand, the disor- 
cering influence of molecular motion tends to mix the molecules up 
like a rioting crowd. At sufficiently low temperatures, the dis- 
ordering heat motions are weak; the discipline of the forces be- 
iween the molecules predominates. Therefore, at low tempera- 
tures, we find many substances in the crystalline state, with the 
molecules arranging themselves in the ordered pattern of a crys- 
ial lattice. The structural details of this crystal pattern are at 
far too fine a scale for observation with the eye. But they can be 
seen with X-rays. Reflected from a crystal, the X-rays record 
‘hemselves on a photographic plate in a characteristic pattern 
from which, with some ingenuity, the structure may be deduced. 
The beauty and symmetry we admire in the facets of gems-and in 
certain minerals reflect the symmetry and order of the crystal lat- 
tice. 

As the temperature of a crystal is raised, the pattern of its 
atoms is disordered more and more by heat motion in the form 
of sound waves traveling back and forth in the interior of the 
crystal. These waves can be likened to those which are produced 
in a violin string by the action of the bow. Fortunately for our 
comfort, the pitch of these sound waves is so shrill that our ears 
are not affected. When one continues to heat the substance, the 
thermal disorder eventually becomes so serious as to throw the 
regular ranks of the crystal lattice into complete disorder. Then 
the melting temperature has been reached, and the substance is 
transformed into a liquid. This transformation is a commonplace 
phenomenon of our daily life, observed in the melting of snow and 
ice. 

Because of the fluidity of liquids, which allows them to be 
poured into vessels of any shape, we are accustomed to regard 
liquids as having no structure. This is not quite true. On the 
molecular scale, liquids possess a residual trace of regular struc- 
ture, which, as in the case of crystals, can be observed with the 
aid of X-rays. X-ray photographs of liquids lack much of the de- 
tail of those of crystals and what detail they possess is blurred 
and indistinct. Weare forced to conclude that, although crowded 
conditions prevail, military order no longer controls the arrange- 
ment of the atoms and molecules in a liquid, as it does in a crystal. 
Nevertheless, each molecule maintains a trace of order with re- 
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spect to its near neighbors, which locally resembles the more ex- 
tensive order existing in the crystal lattice. Its efforts to control 
the pattern of its neighbors are opposed by heat motions, and 
these efforts only affect a few of its nearest neighbors. 

To illustrate some of the foregoing remarks, let us consider the 
case of water. In an ice crystal, the lattice pattern is an open 
structure in which each water molecule has four neighbors. When 
ice melts, the lattice as a whole is destroyed, but each molecule 
nevertheless keeps four neighbors arranged in a partially col- 
lapsed form of the local ice structure. Because of the partial col- 
lapse of the open ice structure, liquid water is densér than ice at 
the melting point. Hence ice floats on liquid water. In fact, this 
local liquid structure continues to collapse between the melting 
point and a temperature of 4°C. In this temperature interval, 
therefore, liquid water increases in density. Above four degrees, 
increasing thermal disorder expands the neighbor structure and 
the density diminishes with increasing temperature. Were it not 
for the fact that the open ice structure collapses on melting, ice 
would sink in liquid water, as do most crystals in their melts. 
It would take us too long to explore the consequences of such a 
state of affairs on geological events, on the weather, and ulti- 
mately on our daily lives; but these consequences would be se- 
rious and far reaching, so that the arrangement and behavior of 
these water molecules, in liquid water and in ice, is actually a mat- 
ter of direct and practical concern to each one of us. 

As the temperature of a liquid is raised, thermal disorder finally 
completely overpowers molecular attractive forces. The mole- 
cules are then torn asunder, and the liquid is transformed into a 
gas. This we observe when the kettle boils. Of the structure of 
a gas, little need be said. Each molecule leads a solitary but ac- 
tive existence, traveling alone over long stretches of distance and 
rudely jostling any neighbor which chances in its path. 

In addition to satisfying their scientific curiosity, chemists and 
physicists have been able to put their investigations of molecular 
structure to good use in ways which could not at first have been 
anticipated. Apart from their intrinsic scientific interest, studies 
of molecular structure and of the structure of materials on the 
molecular scale have contributed directly to the solution of many 
technical problems. I shall mention only one example. Spectro- 
scopic studies of the modes of vibration of the water molecule and 
of hydrocarbon molecules have provided basic information needed 
for the operation of high-pressure steam power units, and for the 
control of the cracking process used in the manufacture of the 
high-octane gasoline which will power your automobile or airplane 
in the postwar world.—A radio talk, reprinted by permission of 
the United States Rubber Company. 


Collection of Spilled Mercury 


ALBERT F. McGUINN, S.J. 


Boston College, Chestnut Hill, Massachusetts j 


ANXIETY about spilled mercury and the conse- 
quent health hazard is reflected in the several mercury- 
collecting devices that have been described in recent 
years. Some might dispute whether the health hazard 
from this source is as serious as is claimed by experts, 
but very few chemists would take the chance of daily 
work in a room where spilled mercury is allowed to re- 
main exposed. 

For some years I have used an extremely simple and 
effective device, which was given to me by a dentist, 
who could not recall where he had learned it. It has 
not been described nor referred to in recent articles 
dealing with this topic, and it might be helpfulsto those 
who conscientiously chase every droplet of spilled mer- 


t 


cury. It may be described simply as a piece of stiff 
silver foil, cut and shaped in the form of a pointed 
spoon, '/,” wide, and inserted into any. convenient 
handle. (In a pinch, a spare dime works fairly well 
without any cutting or shaping, and it still fits a slot 
machine.) Before use the silver is rubbed with a little 
mercury to form a bright layer of amalgam. This 
amalgam surface is readily wetted by mercury, and a 
droplet is instantaneously drawn onto the spoon by 
contact, without any effort of scooping. When a fairly 
large drop has been collected, it is shaken off into a 
bottle. It will even pick mercury from crevices in a wet 
sink if the particles can be touched by the point of the 
spoon. 
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ROBERT S. ARIES 


Northeastern Wood Utilization Council, New Haven, Connecticut 


WHAT DO WE KNOW ABOUT WOOD CHEMISTRY 


T WOULD be difficult to find a substance that is 
so well known as wood and about which so little 
is known. Wood has been used since prehistoric time 
and is now our second largest industry. But this 
background has not stimulated such fundamental 
studies as have been devoted to rubber, steel, coal, or 
cotton. The result is that the lumber industry has 
not advanced proportionately, and some of the ad- 
vances of other products have been at the expense of 
wood. 

Dry wood is essentially about 70 per cent celluloses 
and 30 per cent lignin, and very small amounts of 
mineral and organic substances. The various species 
differ from each other mainly in the way these two 
substances, cellulose and lignin, are distributed and 
arranged; in other words, species differ structurally 
but are, chemically, quite similar. In this respect 
trees are related to all other plants and may be con- 
sidered as just big, fast-growing, perennial but valuable 
weeds. 

More than a century ago Payen discovered cellulose, 
whose industrial significance: has resulted in an enor- 
mous amount of research. This carbohydrate occurs in 
varied forms, having the empirical formula CgHi0Os. 
It can be hydrolyzed to yield nearly the theoretical 
amount of glucose and therefore is regarded as being 
made up of anhydroglucose units. Various methods 
for the isolation of cellulose from the plant tissue depend 

1 Condensation of a paper delivered before the Sixth Summer 
Conference of the New England Association of Chemistry 
Teachers, Connecticut College, New London, Connecticut, 
August 24-8, 1944. 

Editor’s note: The author has a few copies of the complete 
paper, which at our request he has agreed to make available as 


long as they last. He may be addressed at P. O. Box 1577, 
New Haven 6, Connecticut. 


on the action of alkalies, acids, oxidizing agents, bac- 
teria, and solvents. 

The chief noncellulosic component of wood is lignin— 
a complex material generally characterized by the 
method used in isolating it from the cellulose to which 
it serves as a binder. The field of lignin chemistry is 
relatively unexplored and offers tremendous oppor- 
tunities to chemists as it is considered the largest waste 
in the United States. 

The so-called hemi-celluloses present in wood include 
polymeric forms of hexose and pentose sugars, oxidation 
products such as uronic acids, etc. 

In addition, wood contains smaller amounts of resins, 
terpenes, fats, nitrogenous matter, tannin, coloring 
matter, and mineral ash. 


CHEMISTRY IMPROVES WOOD ITSELF 


We know that other cellulose products such as paper 
and cotton may be flameproofed, waterproofed, 
strengthened, hardened, and made rotproof and vermin- 
proof and resistant to chemical attack. Chemists 
appreciate that wood can also be given these properties 
as well as a wide, if not a wider, variety of structural 
changes than are possible for paper, cotton, or most 
other substances, plastics included. 

It may be of interest to mention the better known 
chemical treatments of wood as an introduction to 
those not so well known and to those that, though still 
concepts, may have far-reaching import to the lumber 
industry. 


Wood treatment, exclusive of conversion, may be 
classified into four divisions: 
1. Preservation, which includes flameproofing; sap-stain 


prevention; preservation from insects, rot, and chemical attack. 
2. ‘“Reassembly,” that is, taking the wood apart and putting 
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it together again in a new form such as plywood, laminated wood, 
plastics, etc. 

8. Drying or seasoning, which includes chemical seasoning 
and end sealing. 

4. Alteration of mechanical properties, which includes stabiliz- 
ing of dimension, hardening, increasing strength and wear, 
chemical bending, resin impregnation, and compregnation. 


Much time could be devoted to any one of these 
divisions or to an individual item. The chemist can 
prevent wood from burning by the use of ammonium 
phosphates, borax, and other chemicals. In the field 
of wood preservation we use coal-tar creosote, zinc 
chloride, Wolman salts, copper, mercury, and other 
compounds among which is pentachlorophenol, dis- 
covered in America, have been very effective in con- 
trolling decay and termites. 

In connection with drying and seasoning, chemists 
again may be of help. If the surface of lumber is kept 
from shrinking during drying, checking is prevented. 
Wood may be kept from shrinking by introducing a 
chemical that will either keep the surface moist and 
swollen during drying, or one that will enter the wood 
structure and prevent the fibers from shrinking during 
drying. The chemical must be highly soluble in water, 
noncorrosive, nontoxic, stable, available, not cause 
dampening or ‘‘sweating’”’ of the lumber in humid 
weather, nor affect tools, and, above all, it must be 
inexpensive. Urea has proved very satisfactory as a 
seasoning agent and is now being used throughout the 
United States on most commercial species of softwoods 
and hardwoods. It has also been found that urea- 
treated wood is somewhat less flammable and less 
susceptible to decay and stain than untreated wood. 


CHEMISTRY FORMS ‘“‘WOOD IRON” 


Impregnated wood is obtained by treating wood with 
resin so that the resin actually penetrates the wood 
cells. This “impreg” is almost swell, shrink, and 
decay proof. By compressing the wood after impreg- 
nating it, we obtain a hard, dense substance with a 
beautiful grain showing through a permanent gloss 
like that of a polished marble. This is “‘compreg”’ 
which has some of the properties of mild steel. In the 
not too distant future we might witness ‘‘compreg”’ 
which has been impregnated with lignin resins also 
derived from wood, thus forming a real ‘‘wood iron.” 
The peacetime uses of compreg should be numerous. 
Since it can be bonded to ordinary, wood in a single 
operation without compressing the latter, it might make 
a hard yet resilient tile flooring. Its solidity and 
durability and unscratchable natural polish, impervious 
to cigarettes and alcohol, show a big future. 

Recently, Dr. J. F. T. Berliner from Du Pont has 
developed commercially a chemically transmuted wood 
by impregnation with methylolurea which is capable 
of reacting with the wood cellulose with an internal 
formation of aresin. Actually we are no longer dealing 
with wood. 

Pine can be made as hard or harder thar! maple; 
in other words, we have means of endowing wood with 
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the properties we want it to have and we are no longer 


limited to its natural characteristics. Thin sections 
can be given strength without the use of heavier di- 
mensions. Treated wood can be readily bent and 
shaped. It would eliminate the sticking drawer, door, 
or window. With proper effort, progressiveness, and 
support of chemical research by the lumber industry, 
wood should be able to stay in the race even when 
metals, plastics, and glass, too, come back as chal- 
lengers. 


WOOD HYDROLYSIS—THE CHEMISTS’ DREAM 


The largest potential field for the utilization of wood 
as a raw material for the chemical industries appears 
to be offered by hydrolysis with acid substances into a 
host of substances. The present severe shortage of 
ethyl alcohol which will probably continue for a number 
of years centers our attention on this versatile chemical 
material. 

There are two ways for making ethyl alcohol from 
wood. One is to ferment it from wood sugars obtained 
by hydrolysis of wood waste just as grain alcohol is 
fermented from corn or molasses. This process has 
assumed considerable importance in Europe, the prod- 
ucts including both alcohol and yeast with a high 
nutritive value which is used as feed for dairy cows and 
cattle. ~ 

The Northern Wood Utilization Council has been 
looking for some time into the application of this process 
in our area. An alcohol plant utilizing the modified 
Scholler process is being constructed at present on the 
Pacific Coast, but it is felt by us that on account of the 
smaller tonnages of wood waste,available in our area, 
we should concentrate our efforts on the production of 
cattle feed, which necessitates less control and may 
yield valuable by-products such as vitamins. Work 
is being done by one of our members in this direction, 
which may prove to be of vital importance to the 
economy of the Northeast. 

On the average, a New England hillside will grow 
about 75 cubic feet of wood per acre per year or 1.25 
tons, while it would produce less than 20 bushels of corn 
or a half bale of cotton if that were at all possible. The 
carbohydrate content of wood could be converted to 
protein, thus bridging a gap in the economy of so-called 
poorlands. A ton of wood yields, by hydrolysis, about 
1100 Ib. of sugar. By the addition of 250 lb. of am- 
monium sulfate or 100 lb. of urea and 50 Ib. of super- 
phosphate, 500 Ib. of yeast can be grown. This would 
be cheap protein produced without sticking a plow into 
the ground. 

Another way of making alcohol from waste wood is 
by utilizing sulfite pulping liquors, amounting to 500,000 
tons in the Northeast, which contain up to 3 per cent 
of cellulose “‘sugars’’ dissolved in the liquor along with 
the lignin. Yeast fermentation of the liquor is now 
standard practice in most European mills. Such a 
plant is now in operation in Canada, using the Ontario 
Paper Company’s wastes. Another one will be under 
construction on the Pacific Coast. Our Council was 
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instrumental in interesting several pulping mills in 
the Northeast in the process, but Washington finally 
decided not to build any new recovery plants. At 
present our Secretary, Mr. Edgar L. Heermance, is 
trying to rally all the mills for cooperative research into 
the problem of uses for waste sulfite liquors. In this 
field we expect to cooperate with the newly formed 
Council for Stream Improvement which will pursue 
intensive research on the problem. 

However, the production of alcohol from wood in 
the United States raises several technical, economic, 
and political questions which complicate the picture. 
At the present price of farm products, the rock bottom 
price for alcohol from grain is 50 cents per gallon. The 
grain surplus fluctuates from year to year and does not 
look as excessive in 1944 as it did several years ago. 
Under present conditions, there might be a serious 
grain shortage if we have to feed the starving world 
during and after the war. However, there is enough 
sawmill and pulp-mill waste in the United States and 
Canada to make about 2,500,000,000 gallons a year 


JOURNAL OF CHEMICAL EpuCATION 


or five times as much as the 1943 alcohol production 
in the two countries. 

Ethyl alcohol could also be used as a motor fuel, as 
it raises the octane rating of gasoline. The normal 
consumption of gasoline in North America amounts to 
20,000,000,000 gallons annually. Some specialists 
predict for the not too distant future a depletion oi 
our petroleum supplies with a resulting increased cost 
for gasoline derived through imports, distillation of 
bituminous shales, or hydrogenation of coal. If these 
trends are reasonably correct and if research can further 
lower the cost of production of alcohol from wood, 
there would be a potential alcohol market which would 
require about 900,000,000 cords of wood annually to 
supply! However, due to the availability of imported 
oil, shale oil as well as oil obtained by the hydrogenation 
of coal, we may have to go through a great deal of 
further development work before such an event occurs. 


REFERENCE 


Wise, L. E., ‘““‘Wood Chemistry,” Reinhold Publishing Comm Ns 
New Vork, 1944. 


BRIDGES ON THE CHEMICAL HIGHWAY (Continued from page 460) 


quantity of phenol used in making nylon is less than formerly be- 
cause of the recently developed method employing benzene with- 
out phenol intermediation. 


UnitTep STATES PRODUCTION OF CERTAIN INDUSTRIAL* COAL-TaR INTER- 





MEDIATES 
, Un pounds] 
Item 1937 1943+ 

Acetanilide (technical)..............ceec00. 210,848 13,464,788 
Benzidine disulfonic acid 6,165 ° 15,959 
a. 0-5 oie 2.58 5.0 F.o.0'0's 1,181,079 2,741,229 
o-Dichlorobenzene. . er. ey bw 3,209,179 10, bo 496 
ND So cin ging oink soma h e's in sls 65's 11,705,376 23,724,432 
1,4- Dihydroxyanthraquinone (Quinizarin). . 205,544 733,792 
5,5’-Dihydroxy-7,7’-disulfonic-2,2’ -dinaphthyl- 

urea (J acid urea) a RS EN PD CO ae 207,396 346,314 
Naphthalene (refined)................-.+5.. 52,194,379 83,371,628 
2-Naphthylamine-4,8-disulfonic acid......... R 195,500 
1-Naphthylamine-8-sulfonic (Peri acid)....... 246,053 283,005 
DUREPOUIMRINEIEINOINRS  s'55 o's. eo Sooc Siutos o's oc s'ee'es 4,608, ‘601 4,804,006 
p-Nitrotoluene-o-sulfonic acid............... 981, 1,152,710 
MINE, oo Ls 5500 sccccsciew cee sss 45, 210, teat 114,118,499 
NO NIE 15 535.505 04s! on oa bls te pic cwle-eeice byes 1,712,984 1,815,847 
Tetramethyldiaminodiphenylmethane........ 69 1/900 1,257 ‘006 


* Does not include ordnance output. 

+ Preliminary. 

t Includes phthalic acid. 

Source: United States Tariff Commission. 


There are two sources of supply of phenol—natural and syn- 
thetic. The natural product is obtained from the fractional 
distillation of coal tar resulting from the manufacture of coke in 
by-product coke ovens and from the manufacture of coal gas. 

Two processes using benzene as the raw material are employed 
in the production of synthetic phenol. In one, referred to as the 
caustic fusion process, benzene is couverted to sodium benzene 
sulfonate which is treated with acid and the phenol distilled off. 
In the other, benzene, together with hydrochloric acid and air, is 
passed through a catalyst to produce monochlorobenzene which 
by vapor or liquid phase hydrolysis yields phenol. 

Phenol stands near the head of the list of intermediates in quan- 
tity produced. Although for many years prior to World War I, 
the natural variety was made in the United States, its manufac- 
ture synthetically was not well established until 1917, when total 
phenol output was 64,147,000 pounds. This large production was 


due to its being in demand,for the manufacture of explosives, 
picric acid, and ammonium picrate. 


At the time of the Armis- 


tice, phenol (technical and U. S. P.) output had risen to 106,800,- 
000 pounds. 

The sudden drop in demand for military purposes resulted in 
surplus stocks and in a drop in price to 6 cents a pound. How- 
ever, because of the increased demand for phenol in the manufac- 
ture of synthetic phenolic resins, accumulated stocks were soon 
exhausted. There are indications that the 1940 output of 98,000,- 
000 pounds—5 times that of a decade ago and 300 times the 1921 
low—has now been passed and that the close of the war will see 
huge surplus stocks. 

More information on this intermediate may be found in 
“Phenol—A Synopsis of Information,’’ published in the In- 
quiry Reference Service. 

Phthalic anhydride is another outstanding intermediate, a dis- 
cussion of which appeared in Domestic Commerce for February, 
1945. Phenomenal consumption requirements for its deriva- 
tives have created such a demand for it that the supply situation 
of naphthalene, from which it is derived, is critical. 

Each of the 500 or so coal-tar intermediates having industrial 
use has its own peculiar characteristics and has its own role to 
perform. Few are as versatile as aniline, phenol, and phthalic 
anhydride, but all are necessary bridges linking the crudes to 
finished products and thence to consumers’ goods. 

Neither war demands nor former ‘“‘normal”’ peacetime require- 
ments are criteria of either near future or distant needs. With 
changing conditions brought about by VE-day and the begin- 
nings of reconversion, the continuance of intermediate produc- 
tion at its present high rate of increase is hardly likely. The 
close of the war with Japan will bring cutbacks in production of 
intermediates for military purposes, but civilian markets will 
take up much of the slack. For a number of years to come, a 
large output will be necessary to supply civilian matkets which 
have been suffering from a dearth of consumers’ goods. 

The intermediates industry stands on the threshold of a new 
era. Research is constantly adding new discoveries and new in- 
ventions, new uses for old products and by-products. With its 
expanded capabilities and its unexplored possibilities,this indus- 
try will be increasingly active in supplying those stepping stones 
so necessary in making the finished goods of commerce.—Re- 
printed from Domestic Commerce (July, 1945). 
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PLASTICS SCIENTIFIC AND TECHNOLOGICAL. H. Ronald Fleck. 

Chemical Publishing Co., Inc., Brooklyn, New York, 1945. 

x + 325 pp. 76 figs. 5appendixes. 14 K 22cm. $6.50. 

This book might be taken as a starting point for a person 
trained academically in plastic chemistry for getting acquainted 
with the technological aspects of the subject. Conversely, it 
inight also be used by a person practicing the art for becoming 
familiar with the chemistry of plastics. It is a critical and com- 
prehensive survey of the two aspects of the subject. 

The latest information on the chemistry and structures of 
plastics is given without details of the proofs, but references to 
the origiaal literature are given directly in the text throughout 
the book. The material on the technological side of the field is 
on a more scholarly level than the reviewer has seen in any other 
book on the subject. 

There is a discussion of molecular weight determinations by the 
cryoscopic and osmotic pressure methods and a rather detailed 
description of Staudinger’s viscosity method. The writer has not 
seen this in any other secondary source of comparable scope. 
Among the physical properties discussed (with measurements in 
most cases) are elasticity, effect of vulcanization, vibration prop- 
erties, degree of swelling, flow properties, transition zone, effect 
of temperature of polymerization on hardness and tensile strength, 
creep- and fatigue-resistance in thermoplastics, water absorption, 
use of plasticizers, effect of fillers, electrical properties, and grain 
structure. 

For those interested purely in technology there are chapters on: 
adhesives, plywood, and impregnated wood; manufacture of dies 
and moulds; manufacture of plastic articles; a scheme of qualita- 
tive analysis of plastics and estimation of plastic raw materials. 

The book is suited for a college course in the science of plastics 
after a year of organic chemistry. There are several detailed 
procedures given for conducting laboratory experiments. 

The text was intended to be a companion to the monthly British 
publication ‘‘Plastics.’’ 

LEALLYN B,. CLAPP 


Brown UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


INTRODUCTORY GENERAL CHEMISTRY. Stuart R. Brinkley, Asso- 
ciate Professor of Chemistry, Yale University. 3rd Edition. 
The Macmillan Company, New York, 1945. x + 645 pp. 
135 figs. 47tables. 15 XK 23cm. $4.00. 

It is apparently the author’s modesty that has impelled him 
to use the word ‘‘Introductory”’ in the title of his book, for this 
edition contains as much material as almost any of the texts on 
the market which are labeled ‘‘College Chemistry’’ and ‘“‘General 
Chemistry.”’ The order of material is that usually followed with 
a few exceptions. The discussion of the atmosphere is placed in 
Chapter III with oxygen. In the following chapter the author 
has placed a brief introduction to the Periodic System and shows 
the correlation of common valences with the system. Many of 
us have found this very desirable in teaching but this is one of 
the few books to follow the practice. The gas laws are placed 
ahead of hydrogen and water. 

Under the metallic elements free use is made of flow sheets. 
For example, in the chapter on the alkaline earths there are flow 
sheets for the production of magnesium from brine, sea water, 
and magnesite. 

The last two chapters of the book are devoted to organic com- 
pounds. Synthetic rubber, nylon, sulfa drugs, and newer resins 
are given some mention. A chapter on “Colloids” is placed just 
after the section of the book that is devoted to nonmetals. 

There are many desirable features in this text. It is geod to see 
real preparations of hydrogen bromide and hydrogen iodide in 
addition to the usual phosphorus trihalide method. Amphoteric 
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hydroxides are explaiaed aid written as hydroxyl complexes. 
Authors have been notoriously slow in adopting th's. The ionic 
form of writing equations is used where it is imp rtant to show 
the ions but where.it is desired to emphasize the compound the 
molecular form is employed. The discussion of atomic numbers 
is far superior to that in many texts. Under ionization the rela- 
tionship of valence types to apparent degree of ionization is 
shown nicely in tabular form. There is also a table of dielectric 
constants of water and other solvents. The mathematical forms 
for the ionization constant, solubility product, and iastability 
constant of complex ions are freely used. For simplification in 
developing the solubility product principle the idea that the sur- 
face of the solid is constant is used. This of course is not true, 
and solubility does vary with the surface exp-sed. On p2ge 256 
the equilibrium relation of hydrogen sulfide and carbonic acid are 
shown as 2H*+ + &~- — H.S. From this the student is likely 
to get the impression that the hydrogen ion concentration is 
twice that of the sulfide. It would be better to show both the 
primary and secondary ionizations and the corresponding con- 
stants. 
CHARLES E. WHITE 


UNIVERSITY OF MARYLAND 
CoL_LeGE PARK, MARYLAND 


THE CHEMICAL Process INDustRIES. R. Norris Shreve, Pro- 


fessor of Chemical Engineering, Purdue University. First 
Edition. McGraw-Hill Book Company, Inc., 1945. xiii + 
957 pp. 158 tables. 258 figs. 14.5 XK 22.5cm. $6.00. 


Although a number of books has been publisked in rec-nt 
years on the subject usually called ‘Industrial Chemistry,” 
there was need, according to the author, fcr one which would 
more closely correlate industrial processes with the unit operations 
and the unit processes—in other words, industrial chemistry from 
the chemical engineering point of view. This was the avowed 
main objective of the book. It is a rather difficult assignment to 
eacompass within the covers of one volume but, in the opinion of 
this reviewer, the author has succeeded remarkably well. The 
book gives an up-to-date, condensed treatment of most of the im- 
portant industries in which the common chemical processes com- 
biaed with the unit physical operations of chemical engineering 
play a predominant part. 

In each chapter the author follows a general plan which may be 
briefly outlined as follows: After a short introduction to orientate 
the reader and present a little historical background, statistics of 
an economic character are given to emphasize the importance of 
each particular industry and to illustrate its trends in recent years. 
Then follows the treatment of manufacturing methods in which 
the unit operations and processes are emphasized by flow sheets 
and important physicochemical principles are brought to the at- 
tention of the reader wherever this is feasible. One of the aims 
of the book was to stress the quantitative engineering aspects of 
each subject, but obviously in electing to cover such a wide variety 
of products and industries, the author has necessarily been obliged 
to limit this phase of the treatment severely. 

A truly amazing amount of highly condensed information has 
been packed into the 39 chapters, which would be very valuable 
to anyone who wishes to obtain a good résumé of any particular 
process industry. Since the treatment had to be brief in every 
case, the author has provided attheend of eachchapteran excellent 
list of references for those who wish to delve more deeply into. 
each field. Another useful feature is a collection of short, rela- 
tively simple problems at the end of a number of the chapters. 

The place for such a book as a textbook for beginning students 
of chemical engineering is a debatable one and depends on one’s 
philosophy of chemical engineering education. Some teachers, 
including the present reviewer, do not see the value in presenting 
the student with such a large amount of descriptive information,. 
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but prefer to devote most of the very limited amount of time avail- 
able for chemical engineering in the undergraduate curriculum, to 
applications which more directly and quantitatively illustrate 
and develop fundamental principles. However, many schools 
believe strongly in a largely descriptive course in the industrial 
processes, and for use in such a course Dr. Shreve’s book is one of 
the best the reviewer has seen. 

_In covering so broad a field, the author has perforce been 
obliged to treat a good many subjects in which his own experience 
is quite limited, and small errors are bound to creep in which would 
be noticed only by the expert in a given field. On the whole the 
book seems to be quite accurate and free from major errors which 
could very easily be made in a book covering such a subject. 

The reviewer believes that the author has made a valuable 
contribution to the literature of chemical engineering, and most 
students and practicing engineers will find this book a very useful 
addition to their libraries. 

Barnett F. Dopce 

Oak RipGE, TENNESSEE 


Boris Sokoloff. Ziff-Davis Publish- 
ix + 167 pp. 13.5 X 20 


THE STORY OF PENICILLIN. 
ing Company, New York, 1945. 
em. $2.00. 

Dr. Sokoloff has written what might be called an intelligent 
layman’s history of antibiotics, including penicillin. He has 
used a method that might be applied profitably in the fields of 
chemistry and physics. The book has been prepared as a short, 
fast-paced review of the literature on antibiotics, hyperthyroid 
in spots, but always open and free running. The unbroken 
narrative is followed by an appendix in which the keyed footnotes 
are developed in considerable technical detail. - In this way the 
formidable features of reviews that distract the general reader 
are eliminated and the good retained. 

The author performs a specially valuable service to biology in 
emphasizing the role that antibiosis plays in the balance of physio- 
logical processes in the microbial world. The older phenomena 
and concepts are described and the characteristics arid possible 
uses of many recent products from bacteria, molds, and algae are 
given. Though less striking, the book is more appropriately, 
‘Penicillin and Other Antibiotic Substances.”’ A bibliography of 
389 sources from the English language literature is given. 

CHARLES E. RENN 


MASSACHUSETTS DEPARTMENT OF PUBLIC HEALTH 
CAMBRIDGE, MASSACHUSETTS 


THe CHEMISTRY AND PHYSIOLOGY OF HoRMONES. Edited by 
Forest Ray Moulton. American Association for the Advance- 
ment of Science, Washington, D. C., 1944. 248 pp. 40 figs. 
89 tables.. 19.5 X 26.5 cm. Members, $3.50; nonmembers, 
$4.00. 

All who are interested in books biochemical, problems physio- 
logical, and matters medica] will find much of value clearly and 
attractively presented by leading authorities in their respective 
specialties in this excellently balanced and integrated symposium 
volume which has been developed from a five-day Gibson Island 
summer conference held in 1948. The 18 authors whose careful 
discourses are here presented are doctors of medicine and chem- 
istry in the employ of prominent North American medical schools, 
government departments, and pharmaceutical corporations. Two 
of these, Hans Jensen and Abraham White, with F. C. Koch, were 
the publication committee who worked with Forest Ray Moulton 
as editor in setting up an admirable source book of the facts,of re- 
search progress in this field. The bibliography lists the approxi- 
mately 1200 references from all the chapters together, and re- 
quires 32 of the large two-column pages in which the whole book 
is printed for easy and efficient reading. 

Impressive indeed are the lengthy and toilsome procedures here 
outlined for the extraction, concentration, and purification of 
naturally occurring hormone preparations. Descriptions of some 
syntheses of steroid hormones further build up awe and respect for 
the work of such specialists in organic chemistry. Five of the 
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seventeen papers included deal with pituitary hormones, two 
with adrenal, two with pancreatic, one with thyroid, and one 
with gastrointestinal. Steroid hormones are further treated in 
three other articles. Much material is condensed in the well- 
executed figures and tables. Unified spellings and terminologies 
are used throughout. For example, all of the hormone factors 
often written with the suffix ‘‘-tropic’’ are here consistently 
called ‘‘-trophic’”’ hormones because they nourish as they change 
the tissues which they stimulate. In a work such as this which 
requires many months for its preparation the reader should not 
expect to find the very latest advances recorded right up to the 
month of printing. However, the wisdom and experience of the 
authors have in large measure compensated for this by the intel 
lectual tone of their contributions, in making clear what yet re- 
mains to be learned about these problems, and what the immedi- 
ate prospects are for acquiring such knowledge. No snap judg- 
ments have been given, to be later reversed. The viewpoints ar« 
firmly based on reliable data in a conservative manner which at 
the same time does not obstruct the forward vision of the true 
scientist. Reports of laboratory findings are varied by illustra- 
tive case histories, and most of the chapters contain brief intro- 
ductions, summaries, and conclusions to help the reader whose 
time is severely limited. The quality, appearance, and read- 
ability are all the more remarkable because, as stated in the 
foreword, ‘‘This volume has been printed during a period in 
which many difficulties and delays have been encountered... .”’ 
Davip Lyman Davipson 


Gustavus J. Essgven, Inc. 
Boston, MASSACHUSETTS 


TEXTBOOK OF ORGANIC CHEMISTRY. E. Wertheim, Professor of 
Organic Chemistry in the University of Arkansas. Second Edi- 
tion. The Blakiston Company, Philadelphia, 1945. xiv + 
867 pp. 113 figs. + colored plates. 50tables. 15 X 23cm. $4. 
The general purpose and plan of this text is the same as the 

first edition reviewed in J. Cuem. Epuc., 17, 99 (1940). It has 
been brought up to date and the order of the chapters changed 
slightly. New tables, pictures, two color plates of molecular 
models, additional review questions, and literature references 
including 1943 have been added. 

The book is obviously written for the instructor who desires 
the student to be supplied with a wealth of material and detail. 
In such a text going well beyond what could be covered in a two- 
semester course, the choice of what supplementary detail to in- 
clude is largely arbitrary and any criticisms would be primarily 
based upon the reviewer’s preferences. In a text of this detail 
this reviewer would have included, for example, the Reformatsky 
reaction and Clemmensen reduction, the ozonization of benzene 
and o-xylene as throwing light upon the structure of benzene, and 
the 1,4 addition to alpha-beta unsaturated ketones. A special 
chapter is devoted to the Grignard and Friedel and Crafts reac- 
tions. In sucha chapter it would seem justifiable to includea fuller 
treatment of side reactions in the former case and’mention of the 
branching of the chain during alkylation in the latter case. While 
theory is by no means neglected, the author tends to lean to a fac- 
tual presentation of the subject. The nature of the above com- 
ments is indicative of the fact that essentially all standard intro- 
ductory material is included. 

The style of the author is straightforward and clear. This 
edition, as the first, has a number of excellent features not 
usually found in introductory texts. These include a large num- 
ber of half-page portraits of organic chemists with thumbnail 
biographical sketches, review questions and bibliography at the 
end of each chapter, a chapter upon identification, and an appen- 
dix of 39 pages. The appendix includes a number of industrial 
flow sheets, a book list, a glossary, a chronological table, a list 
of organic radicals, and a table of physical constants of approxi- 
mately 700 compounds. It is a most useful addition to the text. 
The book is well printed and bound and, while similar in make-up 
to the first edition, it has a somewhat more finished appearance. 

OSBORNE R. QUAYLE 


Emory UNIVERSITY 
Emory UNIVERSITY, GEORGIA 
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ONCE THE REPUTED STATUE OF LAVOISIER 


ON THIS pedestal, in the Place de la Madeleine, in Paris, 
stood since 1900 the well-known ‘‘Statue of Lavoisier.” For the 
sake of the bronze, however, the Germans removed and destroyed 
the statue, as well as the beautiful bas-reliefs in the pedestal 
which portrayed episodes out of Lavoisier’s life. All the metal 
statues in Paris, including that of Berthollet in front of the 
College de France, and that of Condorcet, near the Institut, 
have suffered the same fate. This is a crime which can never be 
forgiven. 

Pictures of the statue and of the bas-reliefs will be found in 
THIS JOURNAL, 11, 211, 212 (1934). The statue was made by 
Barrias, who copied a head of Lavoisier made earlier by Houton. 
Later investigation has shown that this head was actually that 
of Condorcet, rather than Lavoisier. Perhaps the statue will 
eventually be replaced by an authentic likeness of the ‘‘Father 
of Modern Chemistry.” 

—Contributed by Ralph E. Oesper 


BOSTON UNIVERSITY 
GE OF LIBERAL ARTS 
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Editors Outlook 


ROBABLY we did not all of us share in the exuber- 
ant display of spirits on V-J Day. Nevertheless, 
we were very likely as happy about it as were 
those who blew off the hardest. But let us hope that 
the horseplay did not blind us to the fact that it is not 
“all over now.” In many ways the days which lie be- 
fore us will be even more critical and difficult than 
those through which we have lived successfully but with 
much pain. For during the recent past we have known 
pretty well what our objectives were; we are not so sure 
about them now. New problems—international, do- 
mestic, military, social, political, educational—present 
themselves which, while not so immediately vital in 
terms of life and death, are perhaps in the long run even 
more determinative. 

Internationally, we must accept and adjust ourselves 
to new responsibilities, else the war will have been 
fought and won in vain. Domestically, we have much 
to do to prevent disastrous consequences of our wartime 
preoccupations, of which a ruinous inflation is only one. 

, While the solution of these problems is something which 
will vitally affect the everyday lives of all of us, it is 

;ardly an appropriate subject ‘to discuss here and now. 
Still, the whole uneasy brew slops over into our laps at 
every turn. 

But we deal not only with new problems; some of the 
wartime practices seem destined to continue, even in 
the face of an active campaign to terminate contracts. 
Technical education is the example nearest to home. 

Adulation, commendation, citation for science and 
technology—and technical education in the hoosegow! 
Some time ago a half dozen generals and admirals were 
raised to five-star rank, but did we close up West Point 
and Annapolis at the same time? Hardly. Popular 
magazines are full of pictures of scientists who devel- 
oped atomic energy and radar, with major generals sit- 
ting in deferential attendance—and the classrooms of 
our schools of science and engineering are practically 
empty. 

It is perfectly well known that this country—like no 
other—fed its future young scientists into the army 


because they had two hands and feet; that, in the 
words of someone who had a part in determining the 
policy, we canceled our insurance in a gamble on a short 
war. Now someone will say: ‘Well, we won the war, 
didn’t we? Our policy must have been right. Quit 
your griping and let’s get on from here.” 

Sure would be glad to, if that’s all there was to it. 
But the cards aren’t all in yet, and it will be a long time 
before we will know whether we really won that gamble. 
The pinch will come later, when the early part of the 
story is forgotten. And the record must be kept, to 
determine our action when the same situation arises 
again—as it very well may. 

But much more important than this, how about this 
“getting on from here?’’ We would settle for the chance 
of doing just that—but it doesn’t look as though we 
would get the chance. It seems that Selective Service 
is planning to go on its merry old way, not only cancel- 
ing our insurance policy but making it impossible for us 
to apply for a new one. 

To those who are likely to read this, it seems unneces- 
sary to press the point that science and technology 
really won this war. At the risk of carrying the discus- 
sion ad nauseam, however, let it be pointed out that the 
capitulation of Japan was to a large extent a justifica- 
tion of the point of view expressed by the Air Forces 
three years ago: that if given the opportunity the air 
arm can reduce an enemy to submission without the 
action of tremendous ground forces. Of course, in this 
case the Navy (with its own air service, however) was 
even more important. 

The point to this is not to argue the relative impor- 
tance of the various branches of the military service, of 
course, but to suggest that the technique of war is 
rapidly approaching a condition in which large armies 
are no longer the important factors. Long-range, 
rocket-powered, radar-directed, and automatically con- 
trolled projectiles are even now possibilities. Wars of 
the future may be fought with the contenders scarcely 
seeing each other. After World War I we thought that 
the ultimate in preparedness was the Maginot Line— 
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Advances in Drying by Sublimation 
Blood Plasma, Penicillin, Foods 


EARL W. FLOSDORF 


F. J. Stokes Machine Company, Philadelphia, Pennsylvania 


DR YING BY SUBLIMATION 


N high-vacuum drying by sublimation, the product 

first is frozen. A region of low vapor tension is 
established in the vacuum system to cause rapid sub- 
limation and the rapidity of evaporation results in 
sufficient cooling to keep the product frozen until dried. 
In rapid industrial processing this way, the major 
problem is one of introduction of heat into the frozen 
product with sufficient rapidity to maintain rapid 
evaporation and to prevent the temperature from going 
so low that the rate of drying would be retarded. 


OBJECTIVES OF SUBLIMATION 


Various effects result from drying while frozen which 
give the method valuable applications and uses. First, 
the temperature is below that at which many labile sub- 
stances undergo chemical change. This applies to 
labile components in blood, to viruses and most forms 
of microorganisms, and to other biologicals and pharma- 
ceuticals. Second, because of the low temperature, the 
loss of volatile constituents is minimal. This is partic- 
ularly important in application to many foods like 
orange juice and pineapple juice. Third, since the 
product is frozen, there is no bubbling or foaming, 
which, in the case of drying some substances, would re- 
sult in changes due to surface action such as the surface 
denaturation of proteins which occurs in drying their 
solutions even at low liquid-temperatures under 
vacuum. 

Fourth, in most cases, the solute remains evenly dis- 
persed and distributed without undergoing concentra- 
tion, as frozen solvent sublimes, and the remaining dry 
residue emerges as.a highly porous solid framework. 
It occupies essentially the same total space as the origi- 
nal solution did and the final residue is not the fine 
powder with which the chemist is mostly familiar. 
It consists of a friable, interlocking, and spongelike 
structure. As a result, solubility is extremely rapid 
and complete. For example, gelatin dried from a solu- 
tion which had to be prepared in the first place by boil- 
ing becomes instantly soluble in cold water. Fifth, 
since the molecules of solute are virtually “‘locked”’ in 
position in this way, the tendency for coagulation of 
even lyophobic sols is minimal. Even though the lipoi- 
dal constituents of dry blood plasma do not reconstitute | 
perfectly after drying and do produce a slight degree of 
turbidity, there is far from complete coalescence. The 


particles are small enough to be safe for intravenous in- 
jection and do not cause capillary embolism. 
Sixth, during drying the surface of the evaporating 
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frozen ice layer gradually recedes to leave more and 
more of the highly porous residue of solute exposed. 
As a result, ‘‘case-hardening’” never occurs. A far 
lower content of moisture may be obtained in the final 
product without use of excessively high final tempera- 
ture. For this reason of lower moisture content, a 
greater degree of stability results than is the case after 
any other method of drying. 

Seventh, bacteriological growth and enzymatic 
changes cannot take place under the frozen conditions 
of drying. This is important for foods as well as medi- 
cal products used in parenteral injection. The final 
fully dried product likewise resists bacterial growth and 
enzymatic action. Eighth, because of the high vacuum 
used, in contrast with the degree of vacuum used in 
ordinary low-temperature liquid evaporation, the 
amount of oxygen present is so extremely small that 
even the most readily oxidizable constituents are pro- 
tected. 

It is for these reasons that a method which only 10 
years ago was developed from a laboratory curiosity 
into a workable procedure has become a commonly used 
process for drying in the biological and pharmaceutical 
industry. The detailed history of the development has 
been recorded with full bibliography given (1, 4). 
Our main contributions (4) by 1935 for commercial 
operation included the establishment of proper surface 
relationships of frozen product for fast and complete 
drying with exposure to heat, from the atmosphere, 
and equipment for medical products consisting of Dry 
Ice condenser with manifold for sterile processing in 
final market containers. Later other advances were 
made in equipment and manner of processing. It has 
been only within the last 10 or 15 years that it has been 
recognized that by establishing proper conditions of 
vacuum for removal of water vapor and by rapid 
application of heat to the frozen product, rather than 
keeping it in an icebox, this process could be made in- 
dustrially workable, and with improved products re- 
sulting. . The final dried product is raised to a tempera- 
ture well above 0°C. and often as high as 60° or 70°C., 
in order to reduce the final content of moisture to a 
minimum. 


BASIC PRINCIPLES 


Two Stages of Drying and the Problem of Heating 

There are two stages in drying by sublimation. In 
the first, ice is evaporated from a frozen mass. In the 
second, moisture is removed from the final dry solid 
to lower the residual content to a minimal level. Dur- 
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ing the first stage, depending on the particular product, 
some 98 to 99 per cent of all water is removed. In the 
second, the residual moisture content is reduced to 0.5 
per cent of the final product or less, which represents 
final removal of 99.95 per cent of the original content of 
water (assuming 10 per cent solids originally). In the 
first stage, temperatures are well below 0°C. Actual 
temperature varies with the product, as will be dis- 
cussed later. Upon passing from the first stage to the 
second the temperature gradually rises and finally 
reaches that of the room or higher, depending upon 
whatever final ambient temperature is used. 

Basically, during the first stage of drying a maximal 
rate of evaporation of the frozen product must be ob- 
tained. To achieve this, heat must be introduced into 
the frozen product as rapidly as possible without caus- 
ing it to soften or melt. At the same time a maximal 
rate of flow away from the evaporating surface must be 
established. To accomplish this rapid flow adequate 
passageways must be provided for vapor, and this must 
then be condensed or evacuated efficiently. 

Highly efficient condensers of adequate capacity for 
rapid removal of water vapor in the vacuum system 
may be used. Also, high-capacity steam ejectors for 
direct pumping or evacuation of vapor are available. 
Therefore, the controlling factor for rapid evaporation 
becomes the rate of supply of heat to the frozen product. 
In this there are certain basic limitations, 

Heat must not be carried to the walls of the container 
which holds the product faster than the heat can be 
conducted through the frozen mass to a free surface 
where it is utilized to induce evaporation. Otherwise 
melting adjacent to the container wall will occur. Heat 
can be carried down directly to the evaporating surface 
itself in order to avoid conductance through ice, but 
even here there is a limitation. As soon as sublimation 
has proceeded to an appreciable extent the ice layer has 
receded from the level of the original surface, so that 
the evaporating surface has become confined within 
the interstices of the outer framework of porous dry 
solid. The heat must then be carried across this porous 
structure, but the temperature of this dry portion of the 
product must not be brought above the level where it 
will be harmed. 

All of this means that the ultimate speed of drying 
is determined and limited by the speed at which the 
heat of sublimation can be carried to the ice surface, 
and this limitation is one of conduction through poor 
conductors. When heat is applied rapidly to a product 
during sublimation, measurement of the temperature at 
different levels throughout the frozen layer reveals that 
there is a considerable thermal gradient from the out- 
side surface up through the ice to the evaporating sur- 
face. 

The only remaining unexploited means that can be 
foreseen at present for further acceleration of drying lies 
in development of a means for rapid generation of heat 
at the evaporating and receding ice surface only. 

In the final stage of drying the rate of supplying heat 
is not so critical. This is because the actual weight of 
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water being evaporated is small. The high porosity of 
the product allows ready escape of vapors. 


Removal of Water Vapor in Vacuo 

Three general methods may be used. These are 
condensation at low temperature, combination with 
desiccating substances, and direct pumping (2). All 
three methods are used industrially and the one best 
suited in a given application depends upon a number of 
factors. 

1. Condensation at low temperature is carried out 
with condensers chilled either with Dry Ice or me- 
chanically with refrigerants like Freon and ammonia. 
Originally, Dry Ice was the most widely used refriger- 
ant. However, because of cost it is now used only with 
products which have a high value, like medicinals or 
pharmaceuticals. The low temperature of Dry Ice is 
not necessary. The proper temperature to be used de- 
pends upon the coefficient of heat transfer at the cold 
surface. This factor is influenced by four conditions. 
The first is the noncondensable gases which contami- 
nate the water vapor. The second is the nature of the 
condensing surface; ¢. g., a metallic surface has a better 
factor than glass orice. The third is extent of condens- 
ing surface, and the fourth is the thickness of the layer 
of the ice built up on the condenser. The latter must 
be taken into account because of the poor thermal con- 
ductivity of ice. Fundamentally, it is the temperature 
of the surface of condensed ice which matters and not 
the temperature of refrigerant. 

The noncondensable gases account for the differential 
(“split”) between the temperature corresponding to 
the vapor pressure of ice at the total pressure in the 
system and the actual temperature of the surface of the 
ice on the condenser. This differential may also be 
expressed as the ratio of partial pressure of water vapor 
to the total pressure in the system and this has great 
influence on efficiency of condensation. This condition 
is controlled by using tight vacuum equipment and 
pumps of large capacity for noncondensables. 

To control the second and fourth conditions, sur- 
faces of small area but continuously de-iced (scraped 
by rotation of blades) have been used in an attempt to 
take advantage of better heat transfer at a clean 
metallic surface which, of course, would also keep the 
layer of ice at a minimum. In practice, a truly clean 
surface has not been achieved. A nearly molecular 
film of ice is as bad as a block of ice in so far as transfer 
of heat is concerned; consequently, to make such con- 
densers of limited surface effective lower temperatures 
must be maintained. This more than offsets any 
economy gained otherwise. 

Accordingly, it becomes necessary to accept the loss of 
a poor heat-transferring surface. By use of condensers 
of very large surface, whereby the heat to be transferred 
per unit area is kept small, both the third and fourth 
conditions are controlled, since the condensed ice is 
spread thinly over a large area. 

The net result of all of these factors in combination 
may be expressed in terms of the effective partial pres- 
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Dry OuTER LAYER OF PRopucT ITSELF. THIS APPLIES TO THE 
First SraGE OF DRYING WHEN Ick Is BEING SUBLIMED 


sure of water vapor which can be established within the 
vacuum system by the condenser during drying. As- 
suming that the equipment is properly designed in 
order to avoid restrictive orifices in vacuum lines and 
elsewhere, the differential between this pressure and the 
vapor pressure of the evaporating product, such as 
plasma, determines the theoretical maximal rate of 
flow of vapor. The vapor pressure of the product at 
the temperature at which it should be dried, on this 
basis, determines the temperature at which the con- 
denser should be maintained. Some products must be 
kept colder than others, as will be discussed later. In 
Figure 1 is shown the pressure differential which is 
produced by various temperatures at the condensing 
surface in relation to three different temperatures at 
which products are kept during drying. This differ- 
ential in pressure is the driving force and it will be ob- 
served that for each of the several temperatures of 
product, there is a minimal temperature of the con- 
denser surface below which very little further incre- 
ment is gained by further reduction in condenser 
temperature. 
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Further, as drying proceeds, it is limited in rate by 
diffusion of vapor through the interstices of the porous 
dry outer layer of product, these acting as orifices. By 
laws of adiabatic gaseous flow through orifices (J) 
(Napier equation), a differential between the vapor 
pressure at the surface of the condenser and that at 
the ice surface within the product where the former is 
55 per cent of the latter will result in the maximum 
rate of flow obtainable. This has been borne out 
experimentally in our laboratory with the equipment 
illustrated in Figure 2 in which the temperature of the 
condenser surface may be varied from —10° to —60°C. 

In drying by sublimation the pressures are well above 
one micron and the laws of flow of fluids apply to the 
movement of the water vapor. These laws as applied 
above are based upon the conditions of ‘‘screening’’ set 
up at an orifice when the downstream pressure is de- 
creased below the limiting value. This screening ac- 
counts for the apparent discrepancy in not obtaining 
faster flow as a result of a greater differential in pressure. 
At pressures below a micron the mean free path of the 
molecules approaches the diameter of the pipe line and 
the laws of flow of fluids no longer govern. Move- 
ment of the vapor is then controlled by the natural 
diffusion of molecules, but this condition is not reached 
in drying by sublimation. 

This comparison of differentials in pressures assumes 
no restrictions in vapor lines, necks of ampules, or else- 
where in the high-vacuum system. Otherwise, the 
temperature of the condensing surface would need to 
be reduced in order to produce a lower partial pressure 
of water vapor on the side toward the condenser of each 
restriction or orifice. Such reduction to less than 55 
per cent of the pressure on the drying side of each orifice, 
by laws of adiabatic gaseous flow, can produce no fur- 
ther increment in rate of flow through the orifice. In 
other words, beyond a certain point, lowering of the 
temperature af the condenser cannot compensate for 
small vapor lines or restrictions. 

By use of condensers of great surface having ‘‘con- 
stant efficiency,’ and by a proper balance of all other 
factors concerned, a very important practical conclu- 
sion is obvious as a result of applying this law of flow. 
Condensers may be operated at temperatures much 
above any originally believed possible and without 
sacrifice of effectiveness. With plasma at —21°C., a 
temperature of ice on the condenser of about —27°C. 
produces a, vapor pressure equal to 55 per cent of that of 
the plasma and lower temperature at the ice surface 
is of no advantage. 

2. Desiccating substances. Chemical desiccants such 
as phosphorus pentoxide and sulfuric acid have been 
suggested. These are impractical, however, on any 
scale of operation because of high cost, difficulty in using 
them, and other reasons. Regenerable desiccants hav- 
ing a low enough vapor pressure have much in their 
favor under certain circumstances (3). The previous 
discussion of vapor pressure and condenser temperature 
applies also to the use of desiccants. Inasmuch as 
these desiccants are regenerated by heat, and since heat 























‘TION OCTOBER, 1945 473 
te by also is produced as a result of reaction of the desiccant fixed chemical hydrate, such as calcium sulfate, or of 
orous with water vapor, a problem is introduced in maintain- the physical type which combines with water by ad- 
. By ing properly low vapor pressure of the desiccant as sorption, such as silica gel or alumina. In the latter 
s (1) drying proceeds. That is, the desiccants have a high case the problem of warming of the desiccant during 
vapor thermal coefficient of vapor pressure. The heat of re- drying is magnified in that the vapor pressure, even at 
at at action is not readily conducted away in vacuum; the fixed temperature, rises with each small increment of 
ner is desiccants themselves are poor conductors. The prob- water vapor adsorbed. 
imum § lem can be controlled, however, either by regulation of One rather complicated apparatus has been used 
> out @ the quantity dried in relation to the amount of desiccant which utilizes silica gel cooled by mechanical refrigera- 
ment @ used (based on heat capacity of the entire bulk of tion. Cooling to low temperature in this fashion ac- 
of the desiccant), or by special means of cooling the desiccant. complishes two purposes, removal of heat adsorption 
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crease in vapor pressure as saturation of the desiccant 
is approached. Then, by changing to a fresh batch of 
refrigerated desiccant for completing desiccation, the 
final residual content of the dried product may be re- 
duced to a satisfactory level. However, specially pre- 
pared calcium sulfate (Drierite) in controlled amount 
without cooling has proved particularly satisfactory 
and is widely used, since it maintains a constant vapor 
pressure at any given temperature until saturated. 

3. Direct pumping of the water vapor provides one 
of the simplest commercial procedures (2). Again the 
same pressures must be produced which are obtained 
with condensers and desiccants. In this case, the same 
means is used to pump out noncondensables as estab- 
lishes the low partial pressure of water vapor. Either 
an ejector pump or an oil-sealed rotary pump may be 
used. In the latter case, the pump must be equipped 
with means for continuously removing water from the 
oil of the vacuum pump, such as by a centrifugal clari- 
fier In this way, even though the oil-sealed pump is 
carrying water vapor through it, freshly clarified oil 
from which all condensed water has been removed by 
centrifugation is returned to the high vacuum side of 
the pump and its efficiency is not impaired. A multi- 
stage steam ejector with interstage condensers is suit- 
able and is widely used in large-scale operation (Figure 
3). Combinations of these or of other accessory means, 
such as oil-diffusion or oil-ejector pumps, may be used. 
In any event, the volume occupied by the water vapor 
under expanded conditions of such a high vacuum is 
tremendous. The pumps used must have an ex- 
ceedingly high volumetric capacity under these condi- 
tions. 

On casual consideration it might appear that an 
ordinary oil-sealed mechanical rotary pump would have 
insufficient capacity because of the low efficiency under 
conditions of high vacuum. However, inasmuch as 
the water vapor is condensed on the high-pressure side 
of the rotary pump, at a pressure equal to the vapor 
pressure of water at the temperature at which the pump 
is operating, the pump is able to operate against a back 
pressure which is much below atmospheric. This is 
generally on the order of 125 mm. of mercury. In 
effect, this approximates a second stage for the pump, 
so that under actual operating conditions of pumping 
water vapor a single-stage oil-sealed rotary pump will 
have its efficiency maintained close to 100 per cent at 
100 or 200 microns. 

Even so, however, the capacity of any mechanical 
pump within practical limits is such that in larger- 
scale operation a jet-type ejector is preferred. Whether 
the ejector, in the case of steam, is of four or five stages 
and whether more than one interstage condenser is to 
be used, are engineering considerations of detail. The 
availability and relative costs of steam and cooling 
water must be considered. Large quantities in any 
event are required. By-product facilities for these may 
be available in certain locations and the cost of opera- 
tion is then particularly low. 
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Temperature of Product and Degree of Vacuum during 

First-stage Drying 

During the first stage of drying, at which time the 
product is well below 0°C., if efficient vacuum pumps 
are used and there is little leakage of air into the 
vacuum system, the total pressure will be largely that 
of water vapor and will correspond closely to the tem- 
perature of the product being desiccated. With prod- 
ucts such as plasma this is in the range of 500 to 800 
microns. Some products may be higher, in some cases 
as high as 2000 to 3000 microns. With penicillin the 
pressure must be as low as 200 to 300 microns. Most 
biological products, such as serum and plasma, have an 
initial freezing point a fraction of a degree below zero. 
However, as desiccation proceeds, a eutectic separation 
occurs and partial softening or melting of the product 
may occur at temperatures even well below —1°C. 
Such a condition must be avoided, hence a lower maxi- 
mal temperature is required. In the case of serum, a 
temperature of the product of —9° to —12°C. is suffi- 
ciently low, but with plasma the temperature must be 
—20° to —25°C. An examination of the vapor 
pressure of ice in these two temperature ranges will 
show that a pressure over three times higher can be 
used in drying serum than can be used with plasma. 
Because of the marked decrease in vapor pressure with 
temperature, for greatest efficiency the temperature of 
the product being dried must be maintained no lower 
than necessary. 


TABLE 1 
DRYING TEMPERATURES AND PRESSURES 
Product Drying-temperature Vapor Pressure Average 
Range ' Range—Ice Vapor Pressure 

es (Mm. Hg) (Mm. Hz) 
Serum -—9 to —12 1.8 to 2.3 2.05 
Plasma —20 to—25 0.5 to 0.8 0.65 
Penicillin — 28 to—32 0.2 to 0.3 0.25 


In Table 1 is shown this relation between the pres- 
sures required for drying serum and plasma, based on 
the vapor pressures of ice in the ranges of temperature 
which are satisfactory. Accordingly, in any direct 
pumping system (with either steam ejectors or rotary 
pumps) ‘about three times as great a volumetric capa- 
city is required to dry plasma at the same rate as serum 
because of the higher vacuum needed. Otherwise a 
product which has partially thawed or softened during 
drying will be obtained. The capacity of the vacuum 
pump is a volumetric factor which is constant regardless 
of the degree of vacuum (except for lowered efficiency 
near the limit of the ultimate vacuum producible by 
the pump). Therefore, at higher vacuum a propor- 
tionately smaller weight of water vapor is withdrawn 
in pumping the constant volume. 


Completing the Desiccation 

The final temperature to which the product may be 
taken in the second stage of drying and the hygro- 
scopicity or vapor pressure of the product at that 
temperature also have a bearing on the required tem- 
perature for the condenser or pressures needed in direct 
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pumping. This relates to the final residual content of 
moisture obtainable. Whatever the vapor pressure of 
the dry product, the condenser or chemical or pump 
must establish a pressure which is lower. With a 
desiccant vapor pressures as low as 10 microns and 
lower are readily obtainable, and with condensers or 
pumps a pressure of 100 microns presents no engineer- 
ing problem. A condenser temperature of —40°C. is 
adequate to assure this. Few products encountered 
have a vapor pressure of less than 200 microns at 50°C. 
when containing 0.5 per cent moisture. Plasma may 
be raised at the end of drying to 60° to 80°C. and a 
large differential readily obtained. This is, however, a 
higher temperature than that to which orange juice 
can be taken. 

In cases of hygroscopic products not stable at higher 
temperatures a regenerable desiccant may be used ad- 
vantageously to yield low partial pressure of water 
vapor during the final stage—either calcium sulfate 
or a perchlorate (3). Since such a small actual weight 
of water is removed in this stage, regeneration of the 
desiccant is infrequent. This is a less expensive means 
than refrigeration to produce lower final condenser 
temperature or a steam ejector for lower total pressure. 


Other Pumping Means 


There is no particular advantage in using booster 
pumps, such as oil- or mertury-diffusion, or ejector- 
boosters, unless they are designed for proper efficiency 
in the particular range of vacuum at which a given piece 
of equipment should be operated. This pressure range 
which is required is usually above that for which, at the 
present time, effective simple boosters have been de- 
signed. With condensers, if an attempt is made to 
carry the vacuum to a pressure below that correspond- 
ing to the temperature of the condenser (vapor pressure 
of the ice), little is gained because the pump simply 
removes ice from the condenser. It must further be 
certain that the design of the equipment is such that 
there will be no back diffusion of oil or mercury from 
the booster punip into the product being dried. 

In systems of large size requiring great vacuum- 
pumping capacity. in a narrow pressure band, steam 
ejectors can be used advantageously in combination 
with low-temperature condensers. The design char- 
acteristics in such case, however, are different from 
those where the steam ejectors are being used for direct 
pumping of all of the water vapor without use of re- 
frigerated condensers or chemical desiccants. 


APPLICATIONS AND USES 


Applications of desiccation from the frozen state may 
be divided broadly into two categories: the. one, 
medical products, and the other, industrial products, 
mainly foods. In the former group it is usually neces- 
sary to maintain sterility, since the majority of uses to 
which these medical products are put involve parent- 
eral injection. For this reason this class of products is 
usually dried within the final ampules or bottles in 
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which storage and distribution are to take place accord- 
ing to methods originally developed in 1935 (4). Liquids 
are more readily subdivided with accuracy and main- 
tenance of sterility than are small quantities of highly 
potent solid materials. Further, representative bac- 
teriological sampling is carried out more accurately 
with a liquid than with solid, so that a batch of am- 
pules may be kept sterile with greater certainty if they 
have been filled by transferring liquid. During drying 
within the final containers there is a rapid outward 
flow of water vapor, so that there is little opportunity 
for bacteria to get into the containers. At the end of 
drying the ampules are either sealed under the “‘ori- 
ginal’ vacuum or the vacuum is released with dry and 
sterile air. 

By contrast, in drying foods absolute sterility is un- 
necessary and the volume of production is so great that 
it would be prohibitive in cost to dry in any manner 
other than in bulk (5, 6). Furthermore, in drying in 
bulk the heat may be introduced more rapidly and 
under controlled conditions for rapid drying cycles, 
since the products may be kept in direct contact with 
heated surfaces. 


Medical Products 


In 1935, as a result of development of practical meth- 
ods for drying from the final container, it became pos- 
sible to apply drying by sublimation to various medical 
products for parenteral injection (4). The first of these 
to which application was made was convalescent human 
sera. By harvesting serum toward the close of one 
epidemic from those recovered from such diseases as 
measles, it was possible to hold the product without 
deterioration until the next epidemic came along some 
two or three years later. Then the dried serum was 
available for reconstitution to its original full potency. 

At the same time, as a result of this development in 
drying from the final containers, drying by sublimation 
rapidly was applied as a major research tool in many 
laboratories on various medical research projects. 
Among these was the use of normal human serum and 
plasma for treatment of hemorrhage, secondary shock, 
and burns (7). To this extent, development of drying 
by sublimation represents one of the three major 
streams (1) of investigation that gave rise to the blood 
plasma program of the American Red Cross. One of 
the other streams of investigation was that involving 
the laboratory study of the mechanism of secondary 
shock resulting from hemorrhage, trauma, toxemia, and 
burns. This investigation indicated that the major 
factor is one of a reduction of the volume of blood below 
the minimal capacity of the vascular system. The 
third stream of investigation was one of accumulation 
of clinical experience with the administration, of liquid 
human plasma and serum as a substitute for whole 
blood in treatment of secondary shock and allied condi- 
tions. It was even found that in certain cases, for 
example, where there is shock without hemorrhage, 
blood plasma is superior to whole blood since it is only 
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the liquid part of blood and not red cells which is lost 
from circulation. The confluence of these three 
streams of investigation resulted in an extensive pro- 
gram for taking dry and stable blood plasma to the 
battlefield and has resulted in an enormous reduction 
in fatalities among our war casualties. Dried plasma 
is stable for years without refrigeration and is instantly 
available (within 5 minutes) for transfusion. Typing 
is not required. 

With regard to penicillin, it is interesting that earlier 
efforts to evaluate the possible clinical usefulness of 
the substance were abandoned because its lability 
seemed to make it unsuited as a therapeutic agent (8). 
However, when later research had resulted in demon- 
stration of the effectiveness of penicillin (9, 10), it was 
natural that desiccation from the frozen state should be 
called upon to stabilize it; meanwhile, drying this way 
had undergone the necessary development. In many 
respects the problems with plasma and penicillin were 
similar and parts of equipment even identical. On the 
other hand, certain peculiarities in the nature of peni- 
cillin introduced problems quite different from any 
encountered earlier (11). 

Actually, solutions of penicillin are not so labile that 
they cannot be evaporated at about room temperature 
without loss in potency, but they foam badly. Desic- 
cation from the frozen state avoids this problem and 
also allows a more highly soluble product to be obtained. 

On the other hand, if penicillin is to be dried while 
frozen it is necessary to hold the temperature lower even 
than that which is required for many other biological 
products including blood plasma. This is not because 
of biological lability, but because of physical char- 
acteristics. Penicillin does not remain in a completely 
unsoftened condition unless the temperature is below 
about —25°C. The exact temperature varies some- 
what with the degree of purification and with the con- 
centration of the product; nevertheless, even the least 
exacting of preparations requires a lower temperature 
than plasma. If penicillin is not kept at such low 
temperature, because of softening there is bubbling and 
frothing to a partial extent, and this is sufficient to 
introduce problems of practical control which are diffi- 
cult to overcome. Consequently it is simpler to main- 
tain a lower temperature. 

In the case of gelatin, as a substitute for blood 
plasma, the product is dried by sublimation but not be- 
cause of instability at higher temperature of drying. 
The reason is that under emergency conditions there is 
not time to prepare a solution according to the usual 
procedure of boiling. After drying while frozen the 
procedure is to add sterile physiological salt solution at 
body temperature to a container of dry and sterile 
gelatin. _ The product is immediately ready for in- 
jection. 

Similarly, Vitamin B Complex may be dried for 
parenteral injection and not only is a product of ready 
solubility available but full potency is assured. Many 
other miscellaneous products are dried, including live 
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viruses for laboratory purposes and for use as vaccines, 
living bacteria, hormones, tissue extracts, antibiotics 
other than penicillin, chemotherapeutics, and a variety 
of other biologics and pharmaceuticals. The reason for 
drying bacteria is that in the former procedure of main- 
taining a “library” of bacterial cultures it was necessary 
continually to subculture them in order to maintain 
them in viable form. Not only was this time-consum- 
ing, but during such continued laboratory subculturing 
the organisms underwent spontaneous variation. After 
a number of culture generations there was no assurance 
that any given strain of organism had the same char- 
acteristics it had when originally isolated—as from a 
patient during the course of a disease. This applies 
likewise to other microorganisms such as molds and 
yeasts. Drying by sublimation avoids this, and re- 
constituted bacterial cultures have all original char- 
acteristics, such as virulence. 


Food Products 

The variety of foods to which drying by sublimation 
may be applied is wide. One of the most difficult of all 
juices to be preserved without change is orange juice, 
which serves as a general index of the high quality ob- 
tainable among foods. After drying by sublimation, a 
product is obtained which has withstood well all labora- 
tory tests and field trials under excessive tropical condi- 
tions of heat without loss in content of ascorbic acid or 
palatability over periods of months (5). Many products 
like tomato juice and grapefruit juice when canned in 
the usual manner are not unpalatable, yet they in no 
way resemble the natural fresh product. After drying 
by sublimation this is not the case and the real qualities 
of the native or fresh product are preserved. 

Other products are the many highly perishable 
tropical fruits such as guava, naranjilla, papaya, and 
others, as well as pineapple juice, milk, whole oysters, 
clams, fish fillets, raw meats, soups, coffee, and vege- 
tables like carrots and peas. Except for special pur- 
poses, however, the process could scarcely be applied 
for economic reasons to products like carrots and peas. 
In the case of higher cost foods such as meats, the 
process is entirely economical. Dried raw ground beef 
may be reconstituted in a minute to yield a product in- 
distinguishable from fresh meat. It keeps well for 
years without refrigeration (6). 

Unlike dehydration by conventional methods, it is 
unnecessary to carry out pre-treatment of products like 
carrots and peas, such as blanching, since under the 
conditions of drying from the frozen state enzymatic 
changes cannot occur. Similarly, the content of mois- 
ture is too low during storage for enzymatic changes. 

Drying foods on a production scale may be carried 
out at about three cents per pound of water removed. 
This includes fixed charges as well as productive costs, 
t. €., amortization of drying equipment, interest, and 
overhead, as well as power and labor. Because of 
smaller scale of operation, drying medicinals is more 
costly. 
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CHEMICAL CHANGES 


Changes which occur during desiccation may be con- 
sidered from the standpoint of chemical and physical 
alteration, immunological change, loss of viability of 
living organisms, and loss of other characteristics of 
biological activity. 

Of the various chemical components that have been 
studied in relation to desiccation from the frozen state 
proteins have received the most attention. Generally, 
no chemical alteration detectable by ordinary methods 
occurs during drying. Electrophoretic patterns of 
plasma dried by sublimation have presented a normal 
appearance with normal values. With proper degree 
of dryness changes do not occur during subsequent 
storage for years. Fats show no chemical change dur- 
ing drying but undergo oxidation in storage and tend 
to become rancid if oxygen is not entirely excluded, 
even when completely and properly desiccated and kept 
in a moisture-free condition. Hydrolysis occurs but 
very slowly. Other chemical species have not been 
studied as extensively, but in general this method of 
desiccation is as gentle as any and is far less likely to 
produce changes during drying of labile substances. 
Because the final moisture content is so low, greater 
stability of dry product is obtained. 

Immunologically, little change in either serum or 
antigens is observed. We have kept crystallized egg 
albumen, after desiccation of aqueous solutions from 
the frozen state, for four and five years without de- 
tectable change in antigenic specificity. Immune sera 
undergo no detectable loss in titer in processing or in 
storage’ for years at room temperature. Perhaps as 
sensitive an index as any is the complementary activity 
of guinea-pig serum (See Figure 4.) 

There is a loss of CO, during processing, but the re- 
sulting increase in pH has no effect on the usefulness of 
most products. Restoration with acid or buffer is un- 
necessary. The alkalinity of reconstitituted human 
serum or plasma does not cause reactions. 

In the case of many viruses there is some loss in ac- 
tivity as a result of processing, but the final desiccated 
product is well stabilized and no further loss occurs 
during storage. Viruses are in general more difficult to 
dry than other substances. The temperature must be 
maintained quite low during desiccation, preferably 
well below —20°C. 

The percentage of viable cells remaining in cultures of 
bacteria after desiccation from the frozen state is as 
little as 5 per cent, but the surviving cells keep well. 
The initial survival may be materially increased, to as 
much as 95 per cent, by use of a protective protein, such 
as skim milk or serum. Treponema pallidum and 
spermatozoa do not withstand drying. 

It is essential for maintenance of stable conditions 
that the final content of moisture be reduced to below 
2 per cent and preferably to about 0.5 per cent. The 
effect of the final content of moisture is illustrated in 
the case of diphtherial antitoxin by the data given in 
Table 2. It is evident that at a temperature as high 
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FIGURE 4.—DATA ARE IN HANDTO SUPPORT THE CURVE SHOWING 
DURATION OF POTENCY OF THE DRIED PRODUCT STORED FOR 
FivE YEARS AT 5° C. AND FOR 2!/2 YEARS IN THE CASE OF 
STORAGE OF UNPROCESSED SERUM IN THE FROZEN STATE. 
THE CuRVES REPRESENTING RESULTS OBTAINED AT 25° AND 
387° C. ARE SCHEMATIC AND ARE AN AVERAGE REPRESENTA- 
TION OF DATA OBTAINED IN TESTS FROM A NUMBER OF LABO- 
RATORIES. CERTAIN MODIFICATIONS OF TESTS FOR SYPHILIS 
UTILIZING COMPLEMENT-FIXATION ARE MorE RIGID OR 
SENSITIVE IN THEIR REQUIREMENT OF COMPLEMENTARY 
ACTIVITY -AND THE CURVES ARE DRAWN ASSUMING THAT 
Asout 90 PER CENT OF FULL ORIGINAL PoTENCY IS REQUIRED 
IN THE TESTS WuIcH ARE More EXACTING IN THEIR RE- 
QUIREMENTS. SOME TESTS CAN BE CARRIED OUT SATISFAC- 
TORILY SIMPLY BY AN ADJUSTMENT IN DILUTION EVEN IF THE 
Potency Is REDUCED By AS Mucu AS 50 PER CENT 


as 37°C., the dry antitoxin has satisfactory potency 
even after three years, whereas as a liquid it falls off 
to an unsatisfactory level after six weeks. On the 
other hand, an incompletely dried product has poorer 
stability than the original liquid. With 5 to 8 per cent 
moisture a satisfactory potency is not maintained for 
even as long as six weeks. 


TABLE, 2 
Loss 1n PoTENCY OF DIPHTHERIAL ANTITOXIN 


Horse Serum 


Effect of initial content of moisture; stored at 37° C.—all-glass containers 





Initial Potency, Units per Ml. 
Moisture va 
(Per cent) Initial Oweeks O6months 18 months 3 years 
Liquid ves 550 550 < 45 0 on 
Dry 0.5 550 550 550 550 450 
Dry 5to8 550 < 45 Igsoluble ‘ate ca 


Just as it is important in the first place to obtain a 
properly low content of moisture, it is necessary to 
maintain it. It is well known that rubber is permeable 
to moisture and therefore it alone cannot be relied upon. 
This has a particular significance inasmuch as in using 
these products for parenteral injection, it is customary 
to have a thin membrane section in the stopper which 
can be readily pierced by the needle of a syringe. 
Several ways of protecting containers are illustrated 
in Figure 5. Either a hermetically sealed metal con- 
tainer is used or an all-glass container is used for maxi- 
mum length of time of storage. The effect of storage 
in unprotected rubber-stoppered containers at high 
humidities is illustrated by the data in Table 3 with 
diphtherial antitoxin. By ‘‘uncontrolled” is meant 
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that the humidity during storage has been subject to 
the normal variation of seasonal conditions of Phila- 
delphia. At temperatures above that of the room, 


TABLE 3 
Loss In Potency OF DIPHTHERIAL ANTITOXIN 
Horse-globulin 


Stored 45 weeks in rubber-stoppered vials. Initial moisture content— 


0.5 per cent. 
Temperature Relative Humidity Potency 
CC.) (Per cent) (Units per ml.) 
Original one 850 
20 Uncontrolled 850 
20 100 800 
37 Uncontrolled (low) 800 
37 100 750 
45 Uncontrolled (very low) 800 
45 100 450 


this has involved use of incubators, which means that 
actual relative humidity of storage is greatly reduced. 
This is further illustrated in Figure 6 in the case of 
storage of horse serum. 


TYPE OF EQUIPMENT USED 


As indicated earlier, either low-temperature con- 
densation, desiccating substances, or direct pumping 
may be used for removal of water vapor. The first of 
these is illustrated in Figure 2. In Figure 7 is shown a 


simple type of apparatus used for general medical re- 
search in which chemical desiccating substances are 
used. A steam ejector for direct pumping is illus- 
trated in Figure 3. Equipment for direct pumping 
utilizing an oil-sealed rotary pump and a centrifugal 
clarifier is illustrated in Figure 8. 

The containers may be placed within drying cham- 





FIGURE 5.—CONTAINERS FOR PERMANENT EXCLUSION OF Mols- 

TURE FROM DRIED PrRopucts. CONTAINER ON EXTREME LEFT 

Is A COLLAPSIBLE METAL TUBE WITH A SPECIAL HERMETIC SEAL. 

THE NEXT TO THE RiGHT UTILIZES A VACUUM-SEALED TIN CAN. 

THE Two CONTAINERS ON THE RiGHT UTILIZE A SPECIAL ALL- 

Grass CONTAINER CARRYING A RUBBER STOPPER SEATED 
WITHIN THE HERMETICALLY SEALED STEM. * 
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bers like those illustrated in Figures 2, 8, and 9. These 
chambers provide the best controlled means for dry- 
ing and are widely used in the United States and Can- 
ada for production of plasma and penicillin. Alter- 
natively, a manifold may be used for external attach- 
ment of containers to the vacuum system as is illus- 
trated in Figure 7. In this case, glass ampules or 
bottles are attached to the outlets illustrated and the 
bottles rest on the trays. The heat for drying in this 
case, of course, comes from the room. At the end of 
drying the glass tubes connecting the ampules or 
bottles to the manifold may be sealed with a torch, so 
that the products are maintained under their original 
vacuum. The tank illustrated:contains calcium sulfate 
and a small amount of silica gel. The calcium sulfate 
has a vapor pressure of about I to 10 microns, depending 
upon the temperature of the room. The silica gel is 
incorporated to take care of reasonable quantities of 
other vapors which might be present such as traces of 
alcohol and the like. The desiccant may be regenerated 
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FIGURE 6.—INCREASE IN MorsturE CONTENT OF 10-ML. 

AMOUNTS OF DrIED HorsE SERUM IN RUBBER-STOPPERED 

BoTTLES—TYPICAL OF OTHER BIOLOGICALS SUCH AS PENICILLIN 

AND CONVALESCENT PLASMA AND SERUM. RELATIVE HuMID- 

ITY WHEN UNCONTROLLED IN THE INCUBATORS BECOMES 
VERY Low AT THE HIGHER TEMPERATURES 
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FIGURE 7.—CRYOCHEM TYPE OF EQUIPMENT FOR DESICCATING 
FROM THE FROZEN STATE. A REGENERABLE DESICCANT CoM- 
PRISING MostLty CaLcrtum SULFATE (DRIERITE) WITH A SMALL 
AMOUNT OF SILICA GEL (FOR A SMALL AMOUNT OF VAPORS OTHER 
THAN WATER) CONTAINED IN BASKETS WITHIN THE WHITE TANK. 
THE MANIFOLD Is SHOWN WITH OUTLETS TO WHICH INDIVIDUAL 
CONTAINERS FOR DryING ARE ATTACHED. AT THE END OF 
DRYING, THE GLASS TUBES ATTACHING THE CONTAINERS TO 
THESE OUTLETS ARE SEALED BY FUSION WITH A FLAME 
FIGURE 8.—EQUIPMENT INVOLVING DIRECT PUMPING WITH AN 
O1L-SEALED RoTARY PuMP IN COMBINATION WITH A CENTRIFU- 
GAL CLARIFIER AND WITHOUT A LOW TEMPERATURE CONDENSER 
OR CHEMICAL DESICCATING SUBSTANCES. THE CHAMBER IS A 
SMALL SIZE OF THE HoT WATER JACKETED TYPE AND Is Sulrt- 
ABLE FOR HOSPITAL PRODUCTION OF 36 BOTTLES OF PLASMA PER 
WEEK 
FIGURE 9.—TYPICAL VIEW OF DRYING CHAMBERS IN A PLANT FOR 
PENICILLIN 
FiGuRE 10.—A TYPICAL ‘“‘SSHELLING MACHINE’”’ USED FOR FREEZ- 
ING BLoopD PLASMA AND OTHER PRODUCTS 


periodically by heating in ovens to a temperature of 
180°C. The desiccant must be placed in the perfor- 
ated trays with proper separation in order to allow free 
access to water vapor with full flow under conditions of 
high vacuum. 

For freezing before drying, vacuum evaporation 
may be relied upon in the case of many products 
where there is not undue frothing and bubbling. 
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This may be controlled to a certain extent by slowly 
degassing under partial vacuum, after which a higher 
vacuum may be drawn to induce freezing. Products 
in small containers may be frozen within the vacuum 
chambers illustrated; in the case of penicillin this 
is the normal procedure and the chambers are ar- 
ranged for chilling to —40°C. as well as for control 
at any temperature from that up to the final tem- 
perature of drying of +40° to +60°C. Similarly, 
containers in small-scale operation may be placed 
on trays and attached to the manifold illustrated 
in Figure 7. Before evacuation, cracked Dry Ice 
is spread over the containers after which the vacuum 
necessary for drying is established, or vacuum-induced 
freezing after preliminary degassing may be used. 

In the case of products dried in larger quantities 
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per single container it is necessary to ‘‘shell-freeze”’ 
the product by rotating the container during freezing. 
In this way the depth of the layer is reduced by freez- 
ing it around the inner periphery of the bottle and 
the time for drying is greatly reduced. All blood 
plasma is treated this way in the final containers 
in which it is dried and distributed. Typical equip- 
ment for “shell-freezing” is illustrated in Figure 10. 
Mechanical means for rotation of the bottles in the 
‘ bath of alcohol or other fluid is used. Housed within 
the bottom of the machine is the necessary refrigera- 
tion compressor, usually Freon, for chilling the bath 
to —40°C. In some cases, Dry Ice is used for the 
purpose. Alternatively, the bottles may be spun at 
high speed in a sub-freezing air chamber. The cen- 
trifugal action keeps the serum or plasma evenly spread 
over the inner walls of the container until frozen. 
The layer obtained is more even and the crystals more 
finely divided. For this reason, drying proceeds with 
greater uniformity and it is believed that reconstitution 
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of the dried product takes place more quickly. This 
method is used to some extent in the United States and 
quite widely in Canada and in England. 
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Objective Tests in Organic Chemistry 


THE NATION has been working harder than at any time in its 
history, yet it is not necessary for one to slave at a testing pro- 
gram in organic chemistry. Six complete sets of objective tests 
in organic chemistry are now available. These comprise the 
series from 1940-41 to 1945-46, inclusive. 

Each of these series contains 27 subject examinations on the 
various topics of organic chemistry as: 


Alkanes, alkenes, alkynes. 
Alkyl halides and polyhaloalkanes. 
Alcohols, ethers, halohydrins, alkene oxides. 
Aldehydes, ketones, ketenes. 
Acids, saturated and unsaturated. 
Halogen, hydroxy, and oxo-substituted acids. 
Anhydrides, acid halides, esters, salts. 
Replacement reactions, review. 
Carbohydrates. 
10. Final examinations, Nos. 1 to 9. 
11. Thioalcohols, thioethers, sulfonic acids. 
12. Nitroparaffins, amides, urea, urea derivatives, amines, 
amino acids, proteins, nitriles, and isonitriles. 
13. Foods and metabolism. 
14. Metallic and nonmetallic alkyl compounds. 
15. Alicyclic compounds. 
16. Aromatic hydrocarbons. 
17. Aryl halogen compounds. 
18. Phenols, aryl alcohols, ethers. 
19. Aryl aldehydes, ketones, quinones. 
20. Aryl carboxylic acids. 
21. Aryl sulfonic acids. 
22. Aryl nitro compounds, amines, and diazonium salts. 
23. Heterocyclic and miscellaneous compounds. 
24. Antiseptics, dyes, stains, indicators. 
25. Terpenes, rubber, resins, fibers, and detergents. 
26. Processes, reactions, syntheses, tests. 
27. Final examinations, Nos. 11 to 26. 


POS Oe Sut So bo pe 


Each test contains 20 items of the multiple choice type, in 


which zero to five answers may be correct. Both individual 
answers and various combinations of answers are employed. 

The completion time of each test is 20 or more minutes. The 
instructor may, however, select only such items as he desires to 
emphasize and thus cut the test to a 10- or even a 5-minute quiz. 

These five series of tests have been compiled and edited by a 
volunteer group of collaborators. As a consequence it is likely 
that the tests are representative. 

These tests may be used advantageously with any textbook in 
any course in organic chemistry, for the individual tests cover 
specific areas of the subject. 

The tests are so arranged that they may be graded manually, 
by cutting out small rectangles below the answers on a master 
key, and then superimposing the key on the test paper to be 
graded. Where machine grading is available, the numbering of 
the items is such that two answer sheets are all that are required 
for a complete course in organic chemistry. 

These subject tests are available at 60 cents for the first set and 
20 cents per set for each additional set, approximately 20 cents 
per student per year, plus postage. Individual sets are priced at 
60 cents. All orders for less than $2.00 should be accompanied by 
payment. These tests are available from the chairman of the 
committee, Ed. F. Degering, Department of Chemistry, Purdue 
University, Lafayette, Indiana. 

This is a nonprofit project, which has been subsidized by 
Purdue University from the outset. 

Three comprehensive objective tests in organic chemistry are 
also available, Form S, Form F, and Form U. These are ob- 
tainable from the Cooperative Test Service, 15 Amsterdam 
Avenue, New York, New York. 

These comprehensive tests contain 100 carefully selected items 
each, which give a representative coverage of a beginning course 
in organic chemistry. One hundred minutes are required for the 
completion of each of these examinations, but Forms T and U are 
so designed that they may be given in two 50-minute periods. 

Cooperation in the production of subsequent sets of both of 
these series of tests is cordially invited. 
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Atomic Bombs and the Future 


EDWARD U. CONDON 
Westinghouse Research Laboratories, East Pittsburgh, Pennsylvania 


EVERYONE today is speculating on what the future of 
atomic power will be, now that it has been revealed that the 
atomic bomb is a reality—a potent weapon in our hands which we 
all hope will end war among nations. We will then be faced with 
the opportunity to build a world order, and with the horrible 
prospect of man’s total annihilation as the alternative which 
confronts us if we fail. From what has been said of the potency 
of this weapon, total annihilation seems to be no exaggeration of 
the consequences of a war in which both contestants started with 
a good supply of these bombs. 

It is evident that at present nothing more is to be told of the 
technical details beyond the sketchy accounts we have been given 
of the magnitude of the project, of the general nature of the first 
test in New Mexico, and of the enormous potency of the new 
weapon. But we all must consider in sober earnestness some of 
the implications of the existence of this weapon. 

It represents a culmination of researches in atomic structure 
which have been carried on throughout the world during the past 
50 years. It is important for us to realize the international char- 
acter of these studies. More than 50 years ago the foundations 
of modern atomic science were laid in the discovery of the periodic 
system of the elements by Mendeleef, a Russian, and Russian 
scientists in large numbers have distinguished themselves in this 
field ever since. In the nineties the foundations of electronic 
science were initiated in England through the studies of J. J. 
Thomson and a decade later by Ernest Rutherford, a New 
Zealander who pioneered in understanding the fundamental 
nature of radium and natural radioactivity. In the early period 
France was represented by Madame Curie, who has had a long 
line of distinguished successors, including her daughter, Irene 
Curie, and her distinguished husband, F. Curie-Joliot, who, I am 
told,“secretly carried on researches on atomic power during the 
German occupation of France. There is not space here to give 
names; in, the modern period since 1930 progress in this field 
has been made by Russians, Americans, English, Danes, Germans, 
Italians, Japanese, and others. 

We in America have done some fine work in this field of which 
we have a right to feel proud. We have a right to feel proud in 
the spirit that we have been able to play a part in developing 
man’s growing mastery over the forces of nature, and in the faith 
that by us this weapon will be used righteously in the preserva- 
tion and further development of freedom everywhere. But we 
have no right to feel the slightest tinge of prideful superiority 
over the scientists of other nations who have contributed so 
much to the background science of the atomic bomb. 

Although there is a natural continuity about all scientific de- 
velopment, the decisive discovery which made the atomic bomb 
possible was made in late 1938 in Germany. It was not made by 
persons working with military objectives in view. It was made 
by persons who were engaged in fundamental research in physics 
and who were working in the spirit of free international collabora- 
tion that has characterized scientific progress in the modern 
period. The implications of the discovery were soon realized by 
physicists, throughout the world, but with the coming of war it 
became an important matter of national policy in each of the 
countries that the work in this field be greatly speeded up and that 
it be carried on under great secrecy. 

The basic discovery was made in Germany, and the basic 
scientific facts were disseminated throughout the world before 
wartime secrecy policies were established. Therefore, although 
we may not know in detail what is going on elsewhere, we know 
that the scientists of every country had at the outset an equal 
access to the basic facts. In Germany, in France, in Italy, in 
Russia, in Japan, in England, in America—anywhere where 
there are physicists in laboratories it was possible for this work to 
go ahead. 

However, this was a big job and it took many men and vast 
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industrial resources as well as basic scientific knowledge and 
understanding. The Anglo-American coalition has done it first 
and that is important and of immediate great value in the war. 
We not only know how, but we have plant capacity and can pro- 
duce atomic bombs. It is a great achievement scientifically and 
a great achievement industrially. It is almost inconceivable 
that so much has been accomplished since January, 1942, when the 
large program was launched. 

But before we get too prideful about that, let us reflect that we 
do not know yet how near the Germans came to getting there 
first nor do we know what progress the Japanese have made. 
Yes, it is true, there are some first-rate scientists in Japan and a 
great industrial capacity there and in Manchuria, and we cannot 
dismiss the possibility that they may be well along. 

We cannot assume for a moment that we will have an Anglo- 
American world monopoly on the use of atomic energy for more 
than a few years at the most. But even let us suppose that no- 
one had hitherto started this work besides the Anglo-American 
coalition and the Germans, who are now under our control. We 
accomplished this in less than three years at a cost of approxi- 
mately 2,000,000,000 dollars. There is no denying that we have 
many first-rate physicists and a marvelous industry—just the 
right combination for this job. However, the other side of the 
picture is this: what we can do in three years, others can do in 
perhaps five or six years, especially with the knowledge which 
everyone now has that it is not a gamble but that it surely can be 
done. As to the cost of 2,000,000,000 dollars, it must be re- 
membered that only a small part of the figure represents research 
costs; the rest went fer industrial plants for making the bombs. 
And it also must be remembered that the costs are high because 
of the inevitable waste associated with extreme urgency. For 
example, much money was spent following up simultaneously 
several alternative lines of investigation when, under peacetime 
conditions, only one at a time would be followed and solutions 
found without the expense of developing all the alternatives. 

But finally it must bé remembered that 2,000,000,000 dollars 
is not a very great sum of money in terms of budgets of major 
powers. It is, for example, considerably less than the loss to 
American investors on defaulted German bonds which were 
floated between World War I and World War II. It is moreover 
less than 2 per cent of the national annual income when we 
operate our industrial plant at maximum capacity as we have 
been doing in recent years. 

I am not advocating that, therefore, we should freely tell all 
of the technical results of our program. I am, however, making 
the point that we cannot assume that we shall have the military 
advantage of exclusive possession of this weapon for more than a 
few years. We must not develop a Maginot Line mentality 
in which the atomic bomb is our Maginot Line. 

Returning to the question of the cost, there is another point 
which is even more important than those already made. It cost 
us 2,000,000,000 dollars to do the job the way in which we did it. 
And here I am not referring to the costs of multiple solutions of 
some problems nor of the costs of rush construction under war 
conditions as compared with more economical peacetime methods. 
I am rather referring to the fact that we do not know very much 
about this subject yet. We did the job in the way we saw we 
could, with emphasis on speed and without regard to cost: 

There may be vastly simpler ways of doing this than we have 
used. Already, I suspect, a large part of the plants we have built 
are obsolete. We know so little about this subject that we do not 
know for sure that the making of atomic bombs requires the vast 
industrial plants which we have erected for the purpose. 

It is conceivable, for example, that in the years to come some 
small group of Nazi scientists working in some remote haven, say 
in South America or perhaps in Spain, may find a way to do this 


(Continued on page 488) 














Radioactivity and the University of Pittsburgh 


ALEXANDER SILVERMAN 


University of Pittsburgh, Pittsburgh, Pennsylvania 


KNOWLEDGE of radioactivity was necessary be- 

fore an “‘atomic bomb” could be conceived. As 
‘many of us know, Henri Becquerel observed, in 1896, 
strange radiations coming from the Austrian mineral 
pitchblende which contains uranium. Radium was 
isolated from the same mineral in 1898, in Paris, by 
Marie Sklodowska Curie and Pierre Curie. In a half 
century their findings and the subsequent researches of 
others have completely revolutionized science. The 
new knowledge which has resulted produced the 
“atomic bomb.” 





GLENN DONALD KAMMER 
(1888-1927) 


On October 9, 1888, Glenn Donald Kammer was born 
in Ionia, Michigan. He entered the University of 
Pittsburgh in 1908 from Allegheny, Pennsylvania, High 
School, obtaining the Bachelor of Science degree in 
Chemical Engineering in 1912. Later he obtained the 
Doctor of Philosophy degree, with the writer as his 


1 Contribution No. 575 from the Department of Chemistry, 
University of Pittsburgh. 


major adviser, in the Chemistry Department.? Henry 
Titus Koenig was born in Pittsburgh July 14, 1891. He 
entered the University of Pittsburgh from Tarentum, 
Pennsylvania, High School in 1908, and in 1912 ob- 
tained the Bachelor of Science degree in Chemistry. 
In 1913, one year after graduating, Kammer and Koenig 
were employed by The Standard Chemical Company of 
Canonsburg, Pennsylvania, of which Joseph M. 
Flannery of Pittsburgh was president, to experiment on 
the recovery of radium from American ores. Dr. Otto 
Brill of Austria was brought to Pittsburgh to direct a 


HENRY T. KOENIG 
(1891-1934) 


laboratory which was installed in the Vanadium Build- 
ing, Pittsburgh, now occupied by the Oakland Branch 
of the Peoples-Pittsburgh Trust Company. Kammer 
experimented on recovery methods, but the Austrian 





2? KAMMER, G. D., AND A. SILVERMAN, “Ionium. I. Recovery 
of ionium from carnotite; II. Adsorption of ionium-thorium by 
barium sulfate; III. Ionium-thorium ratio in carnotite,” J. 


Am. Chem. Soc., 47, 4512-22 (1925). 
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ridiculed every proposal. Finally, when Dr. Brill left 
for Austria, Kammer had an opportunity to try his own 
method, and it worked. Samples of radium that were 
sent to the Sorbonne in Paris for assay were pro- 
nounced satisfactory. Then Dr. Charles H. Viol, who 
had studied in the University of Chicago under the 
eminent physicists, Albert A. Michelson and Robert A. 
Millikan, and chemist Herbert N. McCoy (later also an 
authority on radioactivity), came to Pittsburgh. Kam- 
mer, Koenig, and Viol crystallized over half of the 
radium produced in the entire world from 1913 to 1920. 
From 1898, the date of discovery of radium, until 1924, 
the world had produced 150 grams (about 5 ounces) of 
radium salts. In 1920 the United States alone pro- 
duced 30 grams (1 ounce). During that year, France 
and Germany had produced only two grams; Austria, 
one and one-half grams; and England, one-half gram. 

The work of Kammer, Koenig, and Viol is an admir- 
able example of Yankee enterprise. Europe first 
utilized the radium ore, pitchblende, mined in Joachims- 
thal, Bohemia, in Austria (now Jachymov in Czecho- 
slovakia), which contained about one gram of radium 
per ton of concentrate. Of this only one-third could be 
recovered by chemical means. Pitchblende or uranin- 
ite is a complex oxide of uranium with small amounts of 
lead and the rare elements, radium, thorium, yttrium, 
helium, and argon, with some nitrogen. It is the hard 
black mineral in which helium was discovered in 1895 
by Sir William Ramsay. The ore with which Viol, 
Kammer, and Koenig worked was carnotite, mined in 
Colorado and Utah and processed at Canonsburg, 
Pennsylvania. Carnotite [K2(UO2)2(VO,)28H20] is a 
soft canary yellow mineral. The American ore con- 
tained only about one grain of radium in 500 tons of con- 
cemtrate and yet it became possible for the local com- 
pany to produce the radium salts and compete favor- 
ably with Belgium, where the precious material was 
originally prepared on a commercial scale from the 
Austrian ores and later from the far richer deposits of 
the Belgian Congo in South Africa. It is even claimed 
that the first radium commercially available was pro- 
duced in Pittsburgh. In those days radium was worth 
$3,000,000 an ounce. Now it sells at less than one- 
fifth that price. Some notion of the original value may 
be obtained from a one-milligram specimen worth $120, 
which Doctor Kammer presented to the University be- 
fore his death. It is about the size of a mustard seed or 
a pinhead. ae 

During World War I Doctor Kammer was already of 
the opinion that radioactive substances could play an 
important part in chemical warfare.* Kammer was 
interested in radioluminescence.* As their World 
War I contribution, he and Mrs. Kammer produced 
at least a quarter of a million luminous beads for use 
by the British Government. Perplexing problems 
were encountered. On sealing the radioactive zinc 





3 VioL, C. H., AnD G. D. Kammer, ‘“‘The application of radium 
in warfare,” Trans. Am. Electrochem. Soc., 32, 381 (191%). 

4 VioL, C. H., G. D. Kammer, AND A. L. MILuEr, ‘‘Decay and 
Science, 61, 489 (1925); 


Nature, 115, 801 (1925). 
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sulfide into capillary tubes, luminescence was lost. 
The difficulty was finally overcome by placing a tiny 
thread of asbestos in the opening before sealing. Mrs. 
Kammer, who is still living, is associated with a group 
of physicians who are engaged in X-ray and radium 
therapy. Doctor Kammer worked with zinc sulfide 
and other compounds, studying the relative influence 
of various impurities on their radium-induced lumines- 
cence. He objected to the use of costly long-life radio- 
active substances for watch and clock dials and other 
luminous devices, when radium was so badly needed 
for the treatment of cancer; consequently, radio- 
active solids of shorter life replaced radium in the 
luminous materials. Later the very short-lived radon, 
used as a gas in implants or spicules, was inserted into 
cancerous areas and left there. An enormous reduction 
in the cost of treatment resulted. The writer well re- 
calls that before radon was sold in one millicurie im- 
plants for the treatment of cancer, Doctor Kammer 
would send three 100-ml. sealed bulbs of radium emana- 
tion (so called before it was rechristened radon) on 
occasions twice a year, when three lectures each day 
were given to freshmen in the University’s small lecture 
room. A millicurie of the most dilute radon (hardly 
more than 0.05 cu. mm.) for medical use, now sells for 
$2.50. On this basis (assuming the same dilution), the 
lecture-demonstration gifts of Kammer would have been 
worth over $5,000,000 each, fantastic as this may seem. 
When the radium emanation bulbs were opened in tall 
glass cylinders, coated with slightly impure zinc sulfide, 
the luminous effect was superb. Speaking of fantastic 
values reminds the writer that on his visit to the 
original radium refinery in Jachymov, Czechoslovakia, 
in 1928, he was told that the mine from which the pitch- 
blende was obtained had been in operation as a silver 
mine since the early part of the 16th century. When 
the silver failed to appear in paying quantities, the ore 
was used for the production of uranium compounds. 
For almost four centuries silver and uranium were 
recovered, while radium, which when first produced was 
worth $3,000,000 an ounce and was present in the con- 
centrate to the extent of 1 per cent, was dumped on the 
highways and into the streams with the tailings. 

About 1924, Doctor Kammer visited England, where 
he taught the physicians of Great Britain how to use 
radium as a cure for cancer. At that time Sir Ernest 
Rutherford; eminent investigator and pioneer in the 
field of radioactivity, extended to Kammer the use of his 
private laboratory in the University of Manchester for 
the experimental demonstrations. In 1922, Henry 
Koenig was called to Belgium to help devise methods 
for the recovery of radium from the Katanga ores of the 
Belgian Congo, the richest radium ores discovered to 
date. Now there are also those of Great Bear Lake 
region in Canada. On his European trip Koenig spent 
about three months with Madame Curie in her labora- 
tory in Paris. 

Kammer, Koenig, and Viol all died from the harmful 
effects of the powerful penetrating rays of radium. On 
the other hand, thousands of individuals have been 
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MopELs oF RADIUM TUBES PRESENTED TO MADAME CURIE 
May 20, 1921 


cured by its proper application in the treatment of can- 
cer. The pioneers suffered the consequences of inex- 
perience in the handling of this substance which is both 
so deadly and so beneficial. James Gray, second presi- 
dent of the Pittsburgh company that promoted the re- 
covery of radium from carnotite, suffered from cancer. 
He had a $10,000 specimen of radium which he carried 
to his physician for treatments. His life was prolonged 
10 to 15 years as a consequence. He proudly exhibited 
the specimen to his friends, at times, telling them that 
it was the largest quantity of radium employed to date 
for cancer treatment. 

In 1921 Madame Curie visited America. On that 
occasion the women of America, through contributions 
of one dollar each, presented her with one gram of the 
precious substance (value $100,000), which had been 
prepared by Doctor Kammer, so that she might have 
sufficient for her researches in the Radium Institute in 
Paris. A replica of that gram of radium, which was 
put up in 10 small tubes about !/; inch in diameter and 1 
inch long, is among the lecture exhibits still used in the 
University of Pittsburgh. As part of her American 
tour, Madame Curie visited Pittsburgh, where the 
University of Pittsburgh conferred upon her the honor- 
ary degree of Doctor of Laws. Later, Kammer pre- 
pared a six-gram bomb for the Memorial Hospital for 
treatment of cancer in New York City. This was the 
largest single quantity of radium ever prepared. 

Through interest stimulated by his pupils, Kammer 
and Koenig, the writer was one of the first to include 
radioactivity in his lectures. These talks were in- 
cluded regularly in the introductory chemistry courses, 
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and invariably concluded with a quotation from a book 
on ‘‘Modern Chemistry and‘Its Wonders” by Dr. 
Geoffrey Martin of England which appeared in 1915 
and which rather strikingly anticipated some of the 
“atomic bomb’”’ effects just disclosed in connection with 
World War II. The quotation follows: 


“It has been calculated that a single ounce of radium, were its 
internal motions fully available as motive power, would lift 10,000 
tons a mile from the earth. Hydrogen and all other elements 
probably contain equally stupendous reservoirs of power, and it 
seems certain that all the energies previously known to us, 
which manifest themselves in the heat and light and electrical 
excitement of chemical combination, are merely overflow trick- 
lings from the immeasurable ocean of intra-atomic energy. And 
now a solemn thought arises: Astronomy has long taught us that 
we inhabit but a dead ember swimming wide in the void of space 
—a grain of dust flung at random into a fathomless abyss; we 
are lighted up from 90 millions of miles away by a more horrjble 
hell-fire than ever the morbid mind of mediaeval priest conceived; 
afar off and all around us other dead embers, other flaming suns, 
wheel and rush through the apparent void often at the rate of a 
million miles a day; the nearest sun is far beyond our reach, 
the farthest so remote that the mind fails in its endeavour to 
conceive of the distance. And so, alone in space, the world 
rushes forward far swifter than any rifle bullet into the unknown, 
spinning dizzily as it flies, surrounded on all sides by gigantic 
fires and terrific forces. Surely, if we come to consider it, the 
world is a strange, if not appalling place of residence. Ship- 
wrecked mariners, though they cling but to a wave-swept boom, 
would seem safe compared to mankind on its bullet. And yet, 
so unconscious are we of the motion, to us our planet appears as a 
green, commodious home; and the gigantic flames which rear 
aloft from the sun do but ripen fruit and flower, and warm mildly 
our smiling summer landscapes; and we unconcernedly go to 
work, think our little thoughts, do our petty deeds while all 
around us in the darkness the universe wheels and roars like a 
gigantic machine. Yes, safe, very safe, appears our little earth to us. 
But now radium has revealed a new and startling possibility. Are 
we not bestriding an explosive a million times more powerful than 
any explosive ever made by man? If'atoms can explode—as radium 
atoms explode—and fly to pieces with a speed of 100,000 miles a 
second—as radium atoms do—could not some sudden shock let 
loose this terrific energy residing in all matter atoms, much as a 
detonator explodes dynamite or guncotton, and so cause the whole 
world to disappear in one enormous flash of light? Such things 
could conceivably happen, and the glare of the catastrophe would be 
heralded to the distant worlds of = but by a new star shining 
briefly in their skies.” 


In 1921 the writer concluded a popular lecture on 
radium before the Academy of Science and Art of Pitts- 
burgh with the quotation just cited. On the morning 
following the lecture, newspapers carried the headline: 
“Scientist predicts end of world by radium.” Little 
did they dream of the possibility of ‘atomic bombs.” 

With an “atom smasher” at the Westinghouse Re- 
search Laboratories in East Pittsburgh, and a cyclotron 
rapidly nearing completion in the University of Pitts- 
burgh, this district will also make significant contribu- 
tions to research in induced radioactivity. 
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Annabella Learns about Batteries 
CONSTANCE SHARP SAMMIS 


San Marino, California 


66 WV PL strike me pink!’ exclaimed the bald but ge- 
nialProfessor. ‘It’s my little friend, Annabella! 
Where in the world have you been all this time?’ He 
shook her hand cordially. 

“Oh, Professor, I’ve been pretty busy. I’ve been, you 
might say, helping in the war effort. Every evening but 
Monday I’ve been on duty at the Canteen. A junior 
hostess, you know. It really doesn’t leave me much 
time for books and stuff.” 

*‘No, I could see from your mid-term records that you 
were pretty busy!’ The Professor’s eyes twinkled. 
“But what brings you here so early in the morning?” 

“Because my brother is home on leave from the 
South Pacific. Say, he’s wonderful, Professor! And he 
really is smart. He’s an aviator, you know. And he 
says it’s time I started to learn something besides how 
to—to cut arug! Though I’m pretty good at that if I 
do say so myself. Well, he says I’ve got to start learn- 
ing something important because he says they need 
smart people in the world and not just jitterbugs. But 
I think they are both important, don’t you, Professor?” 
Annabella looked up at the smiling Professor. 

“I certainly do, Annabella. Why can’t a person be 
smart and like to jitterbug?” 

“Oh, I-hoped you’d say that,” answered Annabella 
in a relieved voice. ‘‘Then may I come in? I want to 
learn something special today, please.” 

“You do! Then of course, come right in, and sit 
down.” He indicated the little footstool Annabella 





always preferred. Then he seated himself in his big 





leather armchair, carefully removed his horn-rimmed, 
spectacles, and put them on the desk in front of him. 

Annabella flounced down on the footstool at his feet. 

“Yes,” she went on earnestly, ‘I’ve decided to take— 
what do you call it—yes, electronics. The first thing 
I'd like to know about is batteries. Because we are al- 
ways having trouble with the batteries in our portable 
radio, and if I learn about them, then I can fix them. 
Can you explain them to me, Professor?” 

“T’m afraid no one can fix dry batteries, Annabella. 
And furthermore, I am a chemist, and not an electri- 
cian.” 

“Oh, but it’s the chemistry part of batteries I want 
to learn about, Professor. About all the little ions and 
things inside, like you told me about last tirae. I loved 
that! And besides,’”’ she added thoughtfully, “I think 
I will invent a kind that you can fix as soon as I learn 
about them. So—please!’’ And she looked up hope- 
fully. 

‘“‘We—ell,’’ smiled the Professor, ‘‘we’ll talk a little 
about dry batteries, if you like. That is, about pri- 
mary batteries. They are batteries that can’t be re- 
newed, recharged. Let’s see now.” He thought a mo- 
ment, and then started: 

“Everything around us is made up of billions and 
trillions of atoms and molecules. All our tables and 
chairs, and our food, and everything, even batteries. 
These atoms and molecules are something like tiny 
solar systems, each separate, and with lots of space in 
between and all around. There is,a positively charged 
nucleus of matter which would correspond more or 
less to our sun; and one or more infinitesimal, negative 
electrons, flying in definite paths around this ‘sun.’ 
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These tiny electrons would correspond pretty much to 
our planets, flying around the sun in set paths! In 
ordinary atoms, or in molecules (which are just two or 
more atoms joined together), these nucleus particles 
(the ‘suns’) and the electrons (the ‘planets’) are per- 
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fectly balanced. The positive (+) and the negative 
(—) charges just balance and neutralize each other. 

“But if for any reason one (or maybe more) of these 
tiny negative electrons flies away from its ‘sun,’ the 
positive nucleus, the poor atom will become unbal- 
anced. It will have more of a positive charge than a 
negative. Then it is called an ion.”’ 

“Oh, yes,” cried Annabella, “‘I remember about ions 
from our last talk!” 

“Good,” said the Professor, encouragingly. ‘‘Now, 
if this ‘wandering Willie,’ our little electron, attaches 
itself to another staid, neutral atom or molecule and 
starts buzzing around 7t, just as though it belonged 
there, this atom or molecule will become unbalanced 
‘too. Only it will have a more negative charge than 
positive. So it’s not neutral any longer either, and it 
has also become an ion. 

“An interesting thing is this: A salt is made up of 
these positive and negative ions, fitted into a regular 
crystalline pattern. Take common table salt for in- 
stance, sodium chloride (NaCl): It is comprised of 
positive sodium ions (Nat) and negative chlorine ions 
(Cl-), fitted into their particular crystalline pattern. 
And when this salt is put into water, these little ions 
become free to move around independently. Long, 
long ago when the salt was first made, each sodium 
atom had lost an electron and each chlorine atom got 
hold of an extra electron.” 

“How amazing!” exclaimed Annabella. 

“Yes, isn’t it. Of course if you should put another 
salt, ammonium chloride (NH,Cl) into water, it will 
separate into positive and negative ions too. In this 
case the positive ions will be ammonium (NH,*), and 
the negative ions chlorine (CI-). Strange, isn’t it?”’ 

“Very,” agreed Annabella. 

“Well, now let’s get a closer view of our primary bat- 
tery. If we stick a piece of zinc metal and also a piece 
of carbon rod into a solution of this ammonium chloride 
(NH,C1l), and connect the two with a wire, what do you 
suppose happens?” 

“Oh, I don’t know, Professor. But I do wish I could 
become so little that I could really see what happens in- 
side that solution. I wish I could be Alice in Wonder- 
land!” 





“Perhaps you could if you wished hard enough. 
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Why don’t you just close your eyes and pretend you 
are even smaller than Alice in Wonderland?” 

Annabella shut her eyes tightly. 

“T believe I can see!’ she cried. ‘‘Yes, I can see these 
little ion people moving around like mad. Will they 
bump into me, Professor?” 

“No, not if you’re careful,” smiled the Professor. 
“And notice, you’re not even wet though you are right 
in the water. That is because there are such big spaces. 
in between the water and salt ions, and if you are small 
enough you won't get wet at all!” 

“Oh, yes. It’s just like Main Street. 
but no danger if you watch out.” 

“Do you see lots of ‘little cars’ crowding around the 
carbon rod, and lots of other ‘cars’ crowding around 
the zinc rod? Concentrate now, Annabella.” 

“Yes, I believe I do!’ Annabella cried. ‘It’s con- 
gested traffic isn’t it? But more orderly than I thought.” 

“That’s right, Annabella. They all follow the traffic 
laws. But seriously now—and you had better wish 
yourself back here on the footstool and listening with 
both ears—this is what happens: When you put a piece 
of zinc and a piece of carbon rod into the salt solution, 
the zinc has a great desire (we chemists call it ‘tend- 
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ency’) to dissolve and become little positive ions 
(Zn+*) in the solution. The carbon has practically no 
tendency to dissolve at all. Don’t ask me now why 
the zinc wants to break up into ions so much more than 
the carbon. It has to do with the way the zinc atoms 
and the carbon atoms are made, relatively speaking, 
and that story will have to wait for another day. 

“Well, anyway, quite a lot of zinc becomes zinc ions 
(Zn*++). But that of course leaves a whole lot of elec- 
trons (e~) left over. Because, as you know, Annabella, 
it takes negative electrons to balance positive zinc ions 
to make plain neutral zinc. We can picture what hap- 
pens by an equation like this: 


Zn—>Zntt++2e- 


You know what an equation is, don’t you, Annabella?”’ 

“Oh, yes, Professor. You told me last time I was 
here. It’s a sort of shorthand that chemists use to tell 
what is happening, isn’t it?”’ 

“Yes, indeed. That’s exactly right. So this equation 
merely says that our metallic zinc breaks up into little 
zine ions (Zn++) and tiny negative electrons (e7). 
These electrons are left high and dry, without anything 
positive to hang on to, when the zinc becomes Zn+* and 
leaves them behind. 

“But there is a happy solution because on the other 
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hand, ammonium ions have the ability to take up elec- 
trons in this way: 


2NH,*+2e-—2NH;+ Hz 


resulting finally in ammonia and hydrogen gas. Now, 
the ammonium ions which happen to be touching the 
carbon rod will try to remove electrons from it. And 
since the carbon is connected to the zinc by a wire, 
through which electrons can pass freely, they will run 
over from the zinc, where their ‘pressure’ is high, so to 
speak, to the carbon where their ‘pressure’ is lower, be- 
cause the ammonium ions are snapping them off.” 

“Why don’t these ammonium ions grab the little 
electrons right at the zine pole?’ asked Annabeila. 

“Because, you see, the positive zinc ions repel the 
ammonium ions which are also positive. I’m sure you 
know that positive charges repel each other, while a 
positive and a negative charge always attract each 
other. So the ammonium ions don’t have the chance 
to reach the electrons on the zinc side. 

“But the wire is a good easy path for electrons to 
travel through. So they rush over from the ‘high pres- 
sure’ side to the ‘low pressure’ side where the ammo- 
nium ions immediately grab them off. And this stream 
of electrons is nothing more nor less than an electric 
current! Did you know that?” 

“For goodness’ sake, Professor! You mean the same 
kind of current that runs my mother’s vacuum cleaner, 
and rings our doorbell?” 

“Exactly, Annabella, if you happen to have direct cur- 
rent at your house.” 

“Well, I’m certainly glad to know that!’ exclaimed 
Annabella. ‘“‘And say, Professor, you told me last 
time that nature is always trying to even things up. Is 
that why the little electrons rush around from the 
zinc, where there are lots of them, to the carbon, where 
there are hardly any?” 

“That’s absolutely right. I’m glad to see you re- 
member your lesson so well. And let’s remember this 
time that at the zinc pole, little zinc ions (which go into 
solution) and little negative electrons are both being 
produced. The electrons hurry over to the carbon pole 
where the ammonium ions of the dissolved salt imme- 
diately snap them up, forming ammonia and hydrogen 
gas. This hydrogen gas bubbles up through the 
solution and the ammonia stays down in it and is taken 
up by combination with the zinc ions.” 

“T’ll certainly try to remember that. It doesn’t seem 
so hard.” 

“‘Now the nice thing about all this,” went on the Pro- 
fessor, ‘‘is that the little electrons have been streaming 
around from the zinc pole to the carbon pole, creating 
an electric current which we can use. Of course if we 
disconnect the wire, pretty soon the ammonium ions 
will have grabbed off all the electrons that are left, and 
since no more electrons can reach the carbon pole, all 
action quiets down. But if we keep this wire connected 
between the zinc and the carbon, electrons will keep 
zipping though the wire and the ammonium ions will 
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keep picking them off. We have then, you see, a chem- 
ical action that acts just like a pump to keep a stream 
of electrons surging through the wire. That is, to keep 
the electric current flowing. Which of course is the 
object of a battery. And this current can be used to 
light a flashlight and ring a doorbell and lots of other 
things. 

“So, if the wire remains connected, and as long as all 
the zinc has not gone into solution as ions, some elec- 
tric current will flow through the wire. ... 

“And that, my dear Annabella, is all there is to the 
way a primary battery makes electric current!” 

The Professor leaned back in his leather armchair 
and looked down at Annabella. ‘‘Did you understand 
what I was telling you?” 

“Oh, yes, Professor, I am sure I did!’ cried Annabella. 
‘And it’s wonderful to hear about it. But—one thing 
troubles me.” Annabella wrinkled her brows. ‘“‘Why 
doesn’t all this—this ammonium chloride solution spill 
out when you carry these batteries around in flash- 
lights? That’s what I want to know.” 

“My dear child, that’s easy,” answered the genial 
Professor. ‘‘I was just telling you about a simple pri- 
mary battery. There are other primary batteries too, 
by the way, that use different materials for electrodes 
and different solutions. But the way they work is just 
the same. , 

‘“‘A lot of smart men did a lot of smart work on bat- 
teries years ago. The ordinary dry battery you see in 
flashlights uses zinc and carbon electrodes, all right, but 
they have it fixed so nothing leaks or gets messy at all. 
The next time you find an old worn-out battery around 
the house, slice it open with your little hatchet, Anna- 
bella, and look inside. It’s quite interesting.” 

“Oh, I will. But I can’t wait, Professor. Do tell me 
about it now, please,” urged Annabella. 

“All right. But I have a chemistry class in a few 
minutes, you know.” And here he took out his large 
gold watch and carefully laid it down on the desk where 
he could watch the minute hand move around. 

“The dry cell we use in flashlights and portable radios 
isn’t really dry at all. It has ammonium chloride solu- 
tion in it, but soaked up into a porous mass in the cell. 
There is something else mixed with, it too, around the 
carbon pole. It’s a black powder called manganese 
dioxide (MnO,).” 

“What is that for?” interposed Annabella. 

“It’s simple. You remember the hydrogen gas that 
forms bubbles around the carbon pole. You can’t have 
gas bubbling up through a dry cell very well. So they 
put this black powder in there and it combines right 
away with the hydrogen bubbles as soon as they form. 
And that is one worry taken care of. This is the equa- 
tion (chemical shorthand, you know) of what happens: 


H. + 2 MnO.—>Mn20; “+ HO 


Pretty good idea, isn’t it? If they didn’t do that, the 
hydrogen bubbles would stick all over the carbon pole, 
and bubble up through the solution too. This would 
cut down the area of useful carbon. It would resist 
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the whole action that makes the electrical current flow 
in the wire, because the ammonium ions couldn’t reach 
the carbon to pick off the electrons. When the hydro- 
gen is allowed to cover up the carbon—which it isn’t in 
a good battery—it is called polarization. 

“So naturally this black powder is called a depolar- 
izer. They don’t have to worry at all about the am- 
monia gas (NH3;) that forms along with the hydrogen, 
because it immediately combines with the zinc ions, as 
I told you before. 

“‘And to keep everything as simple and practical as 
possible, instead of a regular zinc rod, they make the 
whole battery can out of zinc. Really then, the whole 
can acts as the zinc pole. Then they connect binding 
posts to the carbon pole (which isn’t allowed to touch 
the zinc can of course) and also to the zinc, so that wires 
can easily be attached to them. The carbon binding 
post is called the positive pole, the zinc post the nega- 
tive pole. 

“A piece of heavy corrugated paper is often placed on 
top of the zinc can, and on this is sometimes put a layer 
of sand. Over all this is poured melted pitch or wax. 
This keeps everything inside from spilling out, and 
everything outside from getting into the battery and 
spoiling the chemical action. 

“Well, Annabella, these batteries keep right on pro- 
ducing electric current until, theoretically, all the zinc 
is dissolved. But before this actually happens, the 
manganese dioxide usually fails to absorb all the hydro- 
gen, and the hydrogen then bubbles up all around the 
carbon and slows down the battery action almost to a 
stop. 

“Incidentally, the pressure (the voltage as electri- 
cians call it) of the current of electrons zipping through 
the wire doesn’t depend at all on whether the battery is 
a great big one or a very little thing. It is always about 
the same as long as it is made of zinc and carbon and 
ammonium chloride—‘sal ammoniac,’ as this solution is 
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sometimes called commercially. This pressure, or volt- 
age, is always about 1'/, volts. But the important thing 
to remember is what really happens inside that battery. 
And I think you understand that now, don’t you, my 
dear?” ‘ 

Here the Professor peered down at Annabella, who 
was still listening intently to his every word. She 
nodded slowly, still thinking about ‘‘high pressure’ and 
“low pressure’ and how nature always tries to balance 
things up. 

“And now, I must get along to that chemistry class. 
I hope you have learned a lot about batteries. It will 
be a good start to your new career.’’ Here the Professor 
smiled, and reached over to pat the top of Annabella’s 
golden head. Then he picked up the big watch and 
slipped it into his vest pocket. Replacing his spectacles 
carefully on the bridge of his nose, he rose slowly from 
his comfortable armchair. 

Annabella roused herself from thoughts of electrons. 
She jumped up and grasped the Professor’s hand, her 
face beaming her gratitude. 

“Oh, this was wonderful, Professor! And so very, 
very interesting. I don’t think it’s hard at all when you 
get it straight. Thank you so much! Batteries are 
fun! I certainly am going to like my new career! 

“Now I’m going right home to tell my brother all 
about it. Will he be surprised!’ 


Ss 


And off she ran. 


[Editor’s Note: For a previous article in this series see THIS JOURNAL, 19, 490 ( 1942).] 


ATOMIC BOMBS AND THE FUTURE (Continued from page 481) 


thing with only small, inexpensive, and inconspicuous equipment. 
That is one of the most important reasons why we must continue 
the most careful and thorough investigation of atomic physics 
and why we must set up a world order that really covers the entire 
world—one which does not leave us unaware of what is going on 
in any remote valley in Spain. With this power in man’s hands, 
world cooperation must come. It is peace or death. 

Let us recapitulate: 

(a2) Man is now in possession of a new kind of energy source 
vastly more powerful than anything used before. 

(b) It is the culmination of a war effort built on decades of 
free international exchange of scientific knowledge. 

(c) While we produced the atomic bomb first, other national 
groups working independently may not be far behind right now. 


(d) Itisacertainty that, spurred by the knowledge that the 
thing can be done, any major national group could, without aid 
from us, and without benefit of espionage at least do what we 
have done within a few years. 

(e) Our knowledge of this field is very incomplete and it may 
be possible to do what we have done in vastly simpler ways than 
the only way known to us at present. 

Therefore, 

1. We must set up a world order including all peoples to make 
certain that atomic power is used only for peaceful purposes, and 

2. We must continue intensive cultivation of fundamental 
research in atomic physics to the end that we may really know all 
about this tremendous new source of power so that we may apply 
it to useful purposes in the years of peace that lie before us. 
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6 heseseercrsape and technicians who are selecting 
scientific equipment to prepare their classrooms 
and laboratories to meet the greater demands of the 
next few years, should be interested in a recently re- 
vised Leeds & Northrup Company publication describ- 
ing a basic electrical-measuring instrument, the 
Students’ Potentiometer. Designed for teaching, it 
embodies the potentiometer principle in its simplest 
form. At the same time, it is a versatile laboratory 
instrument, as it has the accuracy necessary for serious 
investigational work, including instrument calibration. 
Write for Catalog E-50B(1), Leeds & Northrup Com- 
pany, 4934 Stenton Avenue, Philadelphia 44, Pennsyl- 
vania. 


@ With the defeat of the Japanese Empire and the im- 
pending occupation of the home islands by American 
and allied troops, the Bureau of Mines of the Depart- 
ment of the Interior has made public two large-scale 
maps of Japan proper showing the location of the im- 
portant mines and metallurgical plants, oil refineries, 
synthetic oil plants, and chemical works that fall to the 
control of the United Nations. 

From the oil fields of Hokkaido, the northernmost of 
Japan’s four larger islands, to the industrialized area 
around what was Nagasaki on Kyushu, the big southern 
island, the bureau’s maps reveal the magnitude of the 
network of mines and plants that helped Nippon to 
fight a long war. 

Despite Japan’s secretiveness for many years and the 
virtual blackout of enemy information since Pearl Har- 
bor, the Bureau of Mines was able to collect volumi- 
nous information about Japan’s mines and mineral 
resources. 

Described as sufficient for judgment with a “fair 
degree of accuracy” of Japan’s position even prior to 
the surrender, information available by the bureau will 
be utilized by civilian and military authorities in ad- 
ministering the affairs of conquered Japan and planning 
the future. 

The information gathered by the bureau reveals that 
Japan proper contains a great variety of minerals, but 


the country is not adequately self-sufficient in any class - 


to support the vast industrial state that had been es- 
tablished before and during the war, according to Dr. 
R. R. Sayers, director of the Bureau of Mines. Even 
with the addition of minerals from Korea, Manchuria, 
Formosa, and the mandated islands, Japan still was 
dependent upon other countries to keep its industrial 
machine working, he said. 

In sulfur and pyrites, the home islands were self- 
sufficient, and elsewhere the Empire produced such 
things as arsenic, bismuth, coal, fluorspar, graphite, 
magnesium, and tungsten. But of the vital metals and 
minerals that make a modern industrial state, Japan 
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did not have enough. These included the ferrous 
metals, copper, zinc, lead, bauxite, petroleum, mica, 
mercury, tin, and many others. 

Japan’s chief strength was in its huge reservoir of 
docile labor, technical skill, and inordinate ambition, 
coupled with the fact that they had built a network of 
modern iron, steel, aluminum, magnesium, copper, lead, 
and zine chemical works, in addition to fabricating 
plants, electrical, cement, and other manufacturing 
plants, the bureau reported. 

In reviewing the general geology of Japan, the 
bureau’s information points out that the islands are 
considered only the summits of a great mountain system 
now half submerged that, starting with Formosa, form 
two great arcs curving northwest, and form an outer 
and inner zone. The islands are mountainous, with 
little flat country, and on the island of Honshu lies the 
volcanic belt, including the famous Fujiyama and other 
volcanoes. There are 165 volcanoes, of which 54 are 
active, and there are numerous hot springs throughout 
the islands. Earthquakes are numerous, and the 
recorded number varies from 3.5 a day in 1939 to 15.8 
a day in 1930. 

Japan’s development as a modern industrial state 
has taken place in the last 77 years, and the results 
have been startling, the bureau said. The first modern 
iron blast furnace was blown in at Yawata, on Kyushu, 
in the year 1901; the first modern zinc distillation plant 
in 1914; and the first aluminum plant in 1934. 

Although the charge has often been made that the 
Japanese are imitators and not originators, this is not 
borne out by the facts, the bureau said. In the first 
adoption of Western civilization, they naturally would 
use all of the machinery and methods found successful, 
but they have their fair share of scientists and inventors. 
These include Dr. T. Tanabe, who developed stainless 
silver; Dr. T. Mishima, special magnetic alloy made of 
nickel and aluminum; Hironaka, syper heat heavy oil 
diesel engine for small vessels, automobiles, and air- 
craft; Dr. Jokichi Takamine, the discoverer of adren- 
aline; Dr. Nishina, physicist who discovered that the 
strength of cosmic rays changes according to tempera- 
ture variations and longitude; and Masaru Mihara, 
who invented a radio beacon that registers visually on a 
radio compass in planes. 

If the Japanese had been allowed to exploit fully the 
resources of the overrun countries and to harness the 
available manpower, they could have been on the road 
to world domination, Dr. Sayers said. 


e@ Harry F. Wiley, of. the high-school science depart- 
ment of Laconia, New Hampshire, sends in a suggestion 
that may be new to some of our readers. He notices 
that in the laboratory experiment for determining the 
equivalent weight of magnesium by displacing hydro- 
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gen from an acid, many manuals call for unnecessary 
calculation. He suggests, “instead of calculating the 
weight of the hydrogen, use the fact that 0.045 g. of 
magnesium displaces 41.6 ml. of hydrogen to calculate 
the amount of magnesium needed to displace 22,400 
ml. of hydrogen. In this case 





0.045 «x 
41.6 22,400 
x = 24.2 g. 


“Hence 24.2 g. of magnesium displace one mole of 
hydrogen. 

“This method avoids the ‘weight-equals-volume- 
times-density’ concept which usually bothers begin- 
ners, and gains by using the mole concept which is so 
helpful.”’ 

He finds that in calculations from Boyle’s and 
Charles’s laws the following is the order of choice of 
methods: 

(1) slide rule, consuming less than a minute for the 
ordinary problem; 

(2) logarithms; 

(3) arithmetic, using factors for temperature and for 
pressure or a combined factor; 

(4) (and least satisfactory) longhand arithmetic. 


@ On-the-spot examination of products being procured 
for the Army was a long-felt need until June, 1944, 
when a fully equipped, self-contained mobile chemical 
and bacteriological laboratory was put into operation. 

In May, 1945, two additional mobile units were in- 
stalled, primarily because of the success of the original 
unit. The body of the trailer is divided into two com- 
partments, the front section being the laboratory proper 
and the rear section containing mechanical equipment, 
including an electrical generator, hot and cold water 





TRAILER ‘“‘LaB’’ SAFEGUARDS G. I. Foop 


On-the-spot examination, by means of a completely self- 
contained mobile laboratory, guards against contamination of 
processed foods being procured by the Army for overseas ship- 
ment to high-temperature zones. The laboratories are installed 
in trailers manufactured by the Fruehauf Trailer Company. 
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system, refrigerator compressor, air compressor, vacuum 
pump, and a still for distilling water. 

Completely self-contained,. the trailer provides its 
own power, gas, and other normal utilities, except when 
possible it is advisable to use water under pressure from 
a hydrant or tap. 

Heating and cooling equipment were necessary for 
year-round operation of the laboratory. Heating is 
accomplished by means of a circulating hot water sys- 
tem and a unit heater with a thermostat control. A 
refrigeration compressor is connected to an air-cooling 
unit, thermostatically controlled, to keep the trailer at 
optimum laboratory working temperature of 70° to 
80°F. . 

An office, small but complete, is installed at one end 
of the laboratory. It is equipped with a filing compart- 
ment, drawers for stationery, a typewriter, drawing 
board, and drafting equipment. 

During the last half of 1944 three surveys were con- 
ducted by the mobile laboratory. The first was a bac- 
teriological survey at a dehydration plant in Coldwater, 
Michigan, which was the forerunner of studies now 
carried on in dehydration plants having contracts with 
the Army. The object of these surveys was to deter- 
mine the bacteriological conditions normally found in 
dehydrated products manufactured for Army use. 


@ The “atom-smashing”’ cyclotrons were basic to the 
research leading to the discovery of the explosive ma- 
terial which is the core of the atomic bomb. For some 
years, the concept of the cyclotron, though it had been 
worked out by physicists, was not realized because 
there existed no magnet large and strong enough to 
create the tremendous magnetic field which was neces- 
sary to produce a sufficiently powerful electron beam. 





CycLOTRON MAGNET FOR CARNEGIE INSTITUTE OF WASHINGTON 


Photograph shows surfaces and adjustment of the pole faces 
being checked before shipment to Carnegie Institute. 
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The first cyclotron owed its existence to the avail- 
ability of a large magnet which had originally been built 
for making radio waves by a method which was soon 
discarded. This magnet, which was considered at that 
time (1930) to be gigantic, had two great flat circular 
plates, which were the poles, facing one another, each 
with a diameter of 271/. inches. Since then, many 
large magnets have been made for use in cyclotrons. 

A cyclotron magnet is made in the form of a great 
hollow square of steel. From the top and bottom 
members of the square, the poles of the magnet— 
large heavy discs supported by heavy steel necks— 
project toward the middle of the square. Ordinarily 
the magnet is cast in six pieces, the four members of the 
hollow square and the two heavy discs with their 
supports. 

Even the first step in producing such a gigantic mag- 
net involves many difficulties. The magnet of the 
Carnegie Institute cyclotron, for example, weighs 
406,550 pounds. The American Rolling Mills of 
Middletown, Ohio, one of the few foundries which have 
the large equipment and facilities necessary for molding 
such an enormous piece of metal, was given the job of 
making the original castings. The magnet was made 
of the finest high-grade carbon steel, and had to be per- 
fect, without fractures, blowholes, or other flaws. Once 
cast, it was examined by X-ray, and if a fault had been 
found it would have been necessary to discard it and 
make a new casting. 

The flawless crude castings then had to be machined 
into perfect scientific instruments. The faces of the 
two great poles, which were 42 inches in diameter, over 
10 square feet in area, had to be absolutely smooth and 
parallel so that all of the magnetic lines of force would 
travel in exactly the same direction. Since the speed- 
ing electrons, by nature, travel precisely perpendicu- 
larly to the magnetic field in which they move, crooked 
plates and a resulting angled magnetic field will cause 
the speeding electrons to deviate from their pure circular 
motion, hit the walls of the acceleration chamber of the 
cyclotron, and quickly disrupt the generation of the 
beam. 

Fifteen men, for five months, worked on the great 
steel segments of the Carnegie magnet, first with car- 
borundum, then with emery wheels, and finally polish- 
ing by hand, until every surface of each piece was tooled 
with watchlike precision. The heavy pieces were then 
assembled with enormous bolts, six inches in diameter, 
so large that there were only two or three threads to an 
inch. 

When the finished job passed the inspection of Car- 
negie Institute physicists in the factory, it was dis- 
mounted, and each piece, covered with rust-resisting 
grease to protect its polish, was crated for shipment. 
Three flat cars were required to carry the load to its 
permanent quarters at the Carnegie Institute in Wash- 
ington. There its reassembly was carried out by 
specialists, who had to reconstruct in a laboratory the 
massive instrument which, in the factory, they had 
handled with cranes and hydraulic jacks. This final 
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installation of the magnet was perhaps the most delicate 
and difficult step in the whole procedure. 

Once a cyclotron magnet is reassembled in the labora- 
tory, and the faces of the poles are again checked and 
proved absolutely smooth and parallel, the remainder 
of the cyclotron is built around it, utilizing small bor- 
ings originally incorporated in the heavy magnet frame- 
work as support points. It is estimated that the magnet 
constitutes 99 per cent of the weight of a complete 
cyclotron, 


e@ A warning to all school and home laboratory students 
that the handling of explosives materials is potentially 
dangerous even when performed under expert super- 
vision was recently issued by the Institute of Makers of 
Explosives, an organization of the nation’s industrial 
explosives manufacturers. 

The warning was prompted by recent reports of 
serious accidents in high-school and home laboratories 
in which young people making their own explosives have 
suffered serious injuries and, in several instances, loss of 
life. 

The institute pointed out that although chemicals 
such as glycerin, nitric acid, sulfur, and potassium 
chlorate are relatively harmless by themselves, combi- 
nations of some of these chemicals are particularly 
dangerous and can result in an explosion which may 
cause loss of eyesight, serious burns, or even loss of life. 

Even the common mortar and pestle have become 
dangerous weapons when used to mix some of the above- 
mentioned chemicals and others. The grinding and 
pounding action of the pestle in the mortar has in 
several instances caused the chemical mixture to explode 
with serious results. 

Although chemists working in experimental explosives 
laboratories have a wealth of experience to guide them 
and equipment far superior to that of high-school and 
home laboratories, they are subject to rigid safety rules. 

If the ablest technical men in the field find it neces- 

sary to observe such rules, it was pointed out, inex- 
perienced students are running grave risks when they 
venture into this field of experimentation. 
. In certain instances only one person can be in the 
laboratory, which has concrete walls several feet thick, 
and a thin roof which directs the force of an explosion 
upwards. A plentiful supply of water is available. 

The potential dangers attending each experiment are 
thoroughly noted in advance and if an experiment is 
thought too dangerous, it either is not conducted at all 
or is conducted by remote control because the safety 
of the employees at all times is regarded as more impor- 
tant than the experiment. 

The institute pointed out that the use of glass- 
stoppered bottles or even a slight jar to a bottle or 
vessel containing certain explosives mixtures is enough 
to cause an explosion. 


e@ Our readers may be interested in a method for pre- 
paring glycerin crystals described by S. D. Schierloh in 
the November, 1944, issue of the Chemist-Analyst. A 
particularly efficient method employed by this worker 
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involves super-cooling the liquid and then raising the 
temperature to slightly below the freezing point. Thus, 
a bottle of glycerin, of 98 per cent purity or higher, is 
placed in an insulated box, surrounded by dry ice at a 
temperature of —60° to —70°C., for at least 24 hours. 
The bottle is then put in the freezing compartment of 
an electric refrigerator at about ~—10°C. for a like 
period. After about an hour, glycerin crystals will 
begin to form, but it requires approximately 24 hours 
for the entire contents of the bottle to crystallize. 


@ Some time ago 200 American technical experts were 
sent to Europe to investigate Germany’s technical 
industrial ‘‘war secrets.’”’ They were under a directive 
to search out German industrial processes, inventions, 
engineering, and ‘‘know-how”’ required to aid U. S. 
production. Among the new developments which they 
uncovered in Germany are said to be the following: 


A plane with a ceiling several thousand feet higher than any 
American plane. 

A process for welding side seams on tin cans by machine instead 
of by hand, as in this country. 

New applications of radiation devices in fields not heretofore 
explored in the U. S. 

New and improved X-ray tubes for cancer therapy and indus- 
trial purposes. 

Flexible high-tension cables that withstand double the voltage 
of American-made cables of the same size. 

Tungsten substitutes for use in the manufacture of armor- 
piercing shells and cutting tools for machine metals. 

Power circuit-breakers with construction details unfamiliar in 
the U. S. 

New uses of waste cellulose materials for the manufacture of 
fats for animal feed. 

Improved techniques in the fermentation of yeast from wood 
sugar in the production of both human and cattle food. 

Improved techniques for the production of synthetic petroleum 
products. 

Hydrogenation plants operating at extremely high pressures. 

New catalysts permitting the Germans to convert oil to high- 
octane gasoline more quickly than was known here. 

Details on German refinements in the gas synthesis method of 
producing liquid fuels and lubricants from coal. 

New processing methods in the field of synthetic rubber. 

New data on continuous polymerization processes in plastics 
manufacture. 

New data on acetylene and electrochemical processes. . 

Information on high-temperature alloys unknown in the U. S. 

Production of high-grade nitrocellulose from lower-grade wood 
pulp with stability superior to the same product made from high- 
grade pulp in the U. S. 


Concerning German developments in the field of 
petroleum, Ralph K. Davies, Deputy Petroleum Ad- 
ministrator said: 

“Although it is too early to make a comprehensive 
forecast, a preliminary survey indicates that the 
Germans had not developed anything revolutionary in 
fuels or petroleum products that can be put to immedi- 
ate use. 

“However, their laboratory techniques had been de- 
veloped to a high degree through extensive research and 
have revealed several improvements, which will increase 
accuracy and save considerable time in refining opera- 
tions. 
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“For example, the Germans had developed a better 
method of olefin determination than the one now com- 
monly used in the United States, one which will save 
several hours in processes used daily in almost every 
refinery in the country. 

“Since 1938, the Germans had been using a method of 
quantitative nitrogen analysis that in certain phases of 
refining operations is superior to ours. The German 
document outlining the process was marked ‘Secret,’ 
and to our knowledge had never been published in 
German technical magazines.” 


@ Modern warfare created a ‘demand for laboratory 
equipment far beyond the normal capacity of the labora- 
tory equipment industry, the Joint Army, Navy, and 
War Production Board Committee for Critical Materi- 
als and Products reported. 

Such equipment has been used in virtually every 
activity concerned with analysis, testing, experimenta- 
tion, inspection research, and production control. 
Specifically, the fields of metallurgy, chemical products, 
petroleum products, synthetic rubber, biologicals, 
textiles, and food products and research laboratories 
have been the main consumers of this equipment. 

The uncertainty of the war’s demands has made it 
impossible to forecast requirements for laboratory 
equipment, even by the month. As production meth- 
ods changed and new research problems arose, the de- 
mand for particular instruments changed also. The 
demand for one particular type of instrument, for 
example, normally about one a month, jumped to 250 
per month. It was not unusual to have the military 
or some industrial plant put in an order equivalent to 
several months’ production. 

Among the items in particularly critical supply were 
analytical balances, hydrogen ion meters, binocular 
and stereoscopic microscopes, Scott testers, spectro- 
photometers, centrifuges, research metallographs, spec- 
trographs, and refractometers. 


e@ Instead of just dropping abrasive grains on animal- 
glue-coated backings, one well-known manufacturer uses 
electric charges to stand the abrasive grains on end, and 
to space them regularly. This process stems from the 
fact that the most efficient grains are twice as long as 
they are wide. 


e Musical instruments sent to Burma for our G, I.’s 
gave trouble owing to climatic conditions, as tempera- 
tures there run from 95 to 115° and relative humidity is 
95 per cent. Organs and other instruments such as 
violins and ukeleles stood up when protected by water- 
proof coverings, but when not so protected deteriorated 
rapidly under attack by fungi and moisture. Uncle 


Sam bought these instruments on the open market; 
instruments not designed for such severe service. 
Glue manufacturers, discovering that bacterial forma- 
tions caused the greatest damage, added Lignasen to 
animal glue, and latest reports on instruments bonded 
with this new combination indicate that good music 
plays longer now in the Burma theater. 
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e Construction of large manufacturing facilities is be- 
ing started for the production of streptomycin—a new 
antibiotic believed to be the most important medical 
discovery since penicillin and effective against a wide 
range of infectious diseases for which penicillin offers no 
cure. 

A production unit consisting of three buildings is 
being erected by Merck & Company, Inc., and is ex- 
pected to go into production early in 1946. 

For many months, Merck has supplied military and 
other doctors with streptomycin for experimental pur- 
poses, from its pilot plant. Clinical study of the many 
possible uses of streptomycin will be continued as more 
material becomes available. 

Extracted from a mold in much the same manner as 
penicillin is obtained, streptomycin has activity against 
certain bacteria which are unaffected by penicillin. In 
this class are bacteria which cause serious infections of 
the urinary tract, certain intestinal ailments, and wound 
infections. Streptomycin already is considered the 
best-known drug for the treatment of tularemia. It 
has proved highly effective in the treatment of in- 
fluenzal meningitis, infections due to the Salmonella 
group, and cystitis caused predominantly by Gram- 
negative organisms. 

Experiments lead to the hope that it will be useful 
in the treatment of other diseases, including undulant 
fever and possibly even tuberculosis. 


e Proof that industry is waking up to the use of the 
scientific tool, X-ray diffraction, is apparent in the fact 
that 19 physicists, engineers, metallurgists, and research 
chemists iri industry currently attended the intensive 
clinic on the industrial application of X-ray diffraction 
at the Polytechnic Institute of Brooklyn during July. 

This ‘‘clinic,’’ and the subsequent one on highpoly- 
mers, represent a new step in education which may lead 
to a revision of training offered for men in industry who 
wish to become familiar with new techniques. By pre- 
senting the two-week summer clinics in all-day sessions, 
the Polytechnic made it possible for these scientists to 
complete this special training in the shortest period of 
time. 

Although American industries are beginning to adopt 
X-ray diffraction to control products during manufac- 
ture and to provide information on the molecular struc- 
ture of completed products, America still lags far behind 
England and Germany in the application of this tool 
which is useful in all branches of chemistry. 

X-ray diffraction plays an important role in the con- 
trol of products, ranging all the way from high-octane 
gasoline, toluene, to the quartz crystals used extensively 
in the wartime-developed radio communications, and 
the titanium dioxide used in ‘‘covering” make-up. It 
can be applied to check completed products of such di- 
versified materials as alloy steels, clay, and the wide 
range of textile fibers. It is important in the mineral 


field, the metal field, and in the study of pigmepts and 
dyes. 
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e@ Inarecent publication of the Office of War Informa- 
tion, entitled, “Biggest Inflationary Danger Ahead,” 
are the following very pertinent remarks: 


The facts of the present situation clearly indicate the need to 
“keep our guard up”’ against the danger of inflation. 

The record of what happened during and after the last war 
underscores that need. 

During the last war we had far less adequate wage and price 
controls than we developed this time, and prices rose far more 
rapidly. From July, 1914, to the Armistice prices rose 62 per 
cent. (In the far longer period between the outbreak of this 
war and V-E Day the rise has been held to less than 30 per cent.) 

Worse was to come, however. Shortly after the Armistice 
what economic controls we did have were dropped. Everyone ex- 
pected an immediate and drastic decline in‘ prices. The con- 
tinuance of controls seemed pointless. 

For several months prices did sag. After this period of hesita- 
tion, however, people began to spend more freely and mer- 
chandisers began to build up inventories of newly available goods. 
Simultaneously, a strong demand for American products de- 
veloped from abroad. The buying turned into a wild scramble 
for goods. Many dealers duplicated orders, in part because 
prices were rising and they wanted to protect themselves, in 
part because deliveries were slow, in part, doubtless, out of general 
recklessness. 

As a result of this wild buying and the complete absence of 
controls, prices soared. From March, 1919, until the peak of the 
boom in June, 1920, the cost of living increased far more rapidly 
than it had during the war itself. More than 40 per cent of the 
rise in living costs experienced in the World War I era occurred 
in this relatively brief span of time after the Armistice. . . . 

Mr. Chester Bowles has succinctly summarized the whole 
period: ‘‘We went up fast; we came down hard.” Although 
the present situation is by no means identical with that of the 
first world war, the danger of a runaway price rise still developing 
is at least as great now as it was in 1919. 

One important difference is that this time, in all probability, we 
will keep our guard up. There is a more widespread apprecia- 
tion of the importance of avoiding the cycle of boom and collapse 
and of the way todoso. The chances are that this time we will 
keep up the fight against rising prices until the supply of goods 
once again balances demand and the danger of inflation is over. 





A Mosite, MrinraTuRE Liguip AIR PLANT USED BY THE ARMY 
TO PRODUCE OxYGEN AT ADVANCED BASES—FOR HIGH-ALTITUDE 
FLYERS, FOR MEDICINAL PURPOSES, AND A VARIETY OF OTHER 
USES 
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e@ During the last summer a small group of American 
scientists attended a scientific congress in Moscow at 
the special invitation of the Soviet government. Several 
of them have made interesting comments on their trip 
and on Soviet science. 

The fact that the congress was held in Moscow within 
a month after the end of the war against Germany was 
described by Dr. Irving Langmuir as proof that Soviet 
science is based on ‘‘a very long-range view of the im- 
portance of science in a nation which expects a continu- 
ous improvement in the standard of living over a long 
period of years. While American scientists were given 
every effort to study and learn of Soviet achievements, 
nothing was asked in return except friendship and good 
will.”” Dr. Langmuir was struck by the great emphasis 
placed by the Soviet government upon providing in- 
centives to bring forth the best abilities of every indi- 
vidual. In contrast with the profit motive prevailing 
in the United States, Russia has devised many clever 
schemes which provide ‘‘even stronger incentives,’’ he 
said. Dr. Langmuir predicted many exchange visits of 
scientists between the two countries. 

Dr. Arpad L. Nadai, of the Westinghouse Labora- 
tcries, said that many outstanding achievements of 
Russian science and technology are practically unknown 
in the United States and expressed the hope that the 
trip would lead to better exchange of information. 
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“Complete friendliness is the outstanding character- 
istic of the Russian scientists,” said Dr. Harlow Shap- 
ley. ‘‘Visiting American scientists could not help but 
notice wistfully that the Russian government values 
highly its artists, its poets, its musicians, and its lead- 
ing scientists. This has not led to vanity but to a 
feeling of responsibility and of great sériousness.”’ 


@ The rapid growth of new chemicals and the widening 
industrial use of well-known ones, especially during the 
war, has led the Division of Labor Standards in the 
U. S. Department of Labor to inaugurate a series of 
bulletins on Controlling Chemical Hazards in coopera- 
tion with the Manufacturing Chemists Association of 
the United States. The first bulletin, ‘‘Ammonia,’’ is 
just off the press, and others shortly to be issued cover 
chlorine, sulfuric and nitric acids, formaldehyde, and the 
anilines. There will be over 100 such bulletins in the 
series. 

Each bulletin describes the hazards of the chemical, 
its characteristics, safety precautions for installation, 
handling, and storage, protective clothing, permissible 
and hazardous concentrations, and first-aid treatment. 
A bibliography is also included. Each bulletin is 
checked for technical accuracy and practical safeguards 
with firms manufacturing the chemical through the 
Manufacturing Chemists Association. 


Here and There in the Trade Literature 


HE Dupont Magazine (E. I. du Pont de Nemours & 

Company, Wilmington, Delaware) goes in for 
microfilm in its August number, with a title, “It’s a 
small world on microfilm.’”’ How chemistry helps to 
increase our food supply is the main point to a discussion 
of the use of insecticides. Elsewhere, cellophane and 
its contributions to the war are discussed, and another 
article, on plastics—principally Lucite—brings out 
some new applications, such as headlight lenses. 


The Pure Oil News (Pure Oil Company, Chicago 1, 
Illinois) for August contains an excellent contribution 
by the chief chemist of the Toledo refinery entitled, 
“Old man corrosion at the refinery.’”’ It is practical 
and not highly theoretical. 


Vinylite plastics are now being widely used for phono- 
graph records. This application is described in some 
detail in the July Bakelite Review (Bakelite Corpora- 
tion, 30 East 42nd St., New York 17, New York) with 
some excellent illustrations showing how commercial 
records are “‘cut’’ and processed for reproduction. In 
another place it is told how luminescent pigments are 
now being incorporated in plastics for some new effects. 
It is projected that the earliest use of fluorescent plastics 
—for instrument panels and other equipment in planes 
—will lead to many civilian uses. 


Parke, Davis & Company (Detroit 32, Michigan) 


devotes its August Therapeutic Notes almost entirely 
to the clinical aspects of vitamins, both the fat-soluble 
and the water-soluble variety. Each of the two 
articles is accompahied by a short bibliography and 
should be seen by anyone interested in this nutritional 
field. 


The July Natural Gasser (Warren Petroleum Cor- 
poration, Tulsa 2, Oklahoma) has two readable little 
articles on natural gasoline and on the chemical utiliza- 
tion of natural gas. 


A pictorial article in the July Shell News (Shell Oil 
Company, 50 West 50th St., New York 20, New York) 
describes the periodic “‘cleanout”’ of a cracking unit in a 
refinery. It is often remarked that the industrial chem- 
ist or the chemical engineer must be 50 per cent pipe- 
fitter. If so, this is what he does. 


The current Howe and French Technical Announcer 
(Howe & French, Inc., 99 Broad St., Boston 10, 
Massachusetts), no. 45-6-19, tells us some things we 
didn’t know before about ‘“‘Common forms of sulfur 
in the world markets.” For example, we didn’t know 
that sulfur is actually produced in Japan, Java, and 
South America. 


The industrial development of our Southern states is 
a project near to the hearts cf many, among whom is 
Senator Walter F. George, who is the author of an 
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article, ‘‘Smokestacks for the land o’ cotton,’’ in the 
July number of Service (Cities Service Company, 
Colorado Building, Washington 5, D.C.). It discusses 
the recently organized Southern Research Institute 
where new products and industries are being incubated 
that promise a broader economy and higher living 
standards in the South. 


El’Chem (Electrochemicals Department, E. I. du 
Pont de Nemours & Company, Niagara Falls, New 
York), for August, has a feature article on the produc- 
tion of sodium cyanide. It also contains the second 
number of its series of ‘‘Adventures in chemistry,” 
which is this time entitled ‘“The iconoclast.” It is a 
brief biographical sketch of Paracelsus. 


Some of the latest uses of paraplex resins for caulking 
and. sealing compounds, notably for sealing the pres- 
surized cabins of the B-29, are revealed in the July 
Resinous Reporter (Resinous Products & Chemical 
Company, Philadelphia, Pennsylvania). 


Some new uses for X-rays are said to have been dis- 
covered. Changes in some of the physical properties 
of solids such as quartz crystals are among these. This 
is the basis of a new method for standardizing crystals 
for radio frequency control. Another effect is said to 
be a modification of the rate of solution and the chemi- 
cal reactivity of crystals, and a whole new field of X-ray 
photochemistry is possibly opening up. This is dis- 
cussed briefly in a short item in the Aminco Laboratory 
News for July (American Instrument Company, 8030 
Georgia Ave., Silver Spring, Maryland). 


What’s New (Abbott Laboratories, North Chicago, 
Illinois), no. 93, leads off with the question ‘‘Which 
solution?’’ the title of an article discussing the several 
different transfusion liquids now available: plasma, 
whole blood, amino acids, blood substitutes. The usual 
collection of striking color reproductions of Military 
Medicine is included. 


From the August Westinghouse Newsfront (Westing- 
house Electric & Manufacturing Co., Pittsburgh, 
Pennsylvania) we quote the following, on ‘Mighty 
film’’: 


“One of the tremendous trifles of America’s war in the air is a 
chemical film so thin that 2000 layers of it would barely equal the 
thickness of this sheet of paper. Yet if this film disappears while 
a bomber is in flight and storage batteries are drained of power, 
the plane’s radio, gun turrets, and %ther vital auxiliaries cannot 
operate. 

“The microscopic film acts as a lubricating buffer between the 
copper commutator of a generator and the carbon brushes that 
pick up power and relay it to the plane’s electrical system. With- 
out this buffer, the brushes soon grind themselves to powder 
against the commutator and stop the flow of electricity. 

“When early in the war high-flying aircraft experienced trouble 
caused by rapid wear of brushes, the difficulty was traced to the 
absence of this vital film. Especially at high altitudes, where the 
air is extremely dry and low in oxygen content, the film sometimes 
disappeared in a few minutes. 

“This serious problem was tackled by many scientists, among 
them Dr. Howard M. Elsey, consulting chemist at the Westing- 
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house Research Laboratories. After numerous experiments and 
tests, conducted in special chambers simulating high altitude, 
Dr. Elsey developed a chemical treatment that increases by 50 
times the high-altitude life of carbon brushes for airplane genera- 
tors. 

“Dr. Elsey’s treatment involves impregnating the carbon 
brushes with one of the metallic halides. All members of this 
family give beneficial results, but the outstanding performer is 
lead iodide. This ingredient very conveniently becomes a 
lubricant when the brushes are pressed against the revolving 
copper commutator, providing a satiny-smooth film that prevents 
harmful friction even in the very thin, dry air of high altitudes. 

“Under severe laboratory and flight tests, the new treatment 
proved so successful that today all heavy-duty electric generators 
going into America’s high-altitude bombers are equipped with 
carbon brushes containing one of these metal halides as an anti- 
dusting agent.” 


The Standard of California Bulletin, summer, 1945 
(225 Bush St., San Francisco, California) tells how 
‘Natural gas fires the furnaces of war.”” The recovery 
of “natural gasoline’ from ‘‘wet’’ natural gas is a 
sizable part of the petroleum industry. Incidentally, 
as a California publication should, it contains some 
attractive scenic color photographs of various parts of 
the state. 


The July-August number of Our Sun (Sun Oil Com- 
pany, Philadelphia, Pennsylvania) is an anniversary 
number in honor of the Toledo, Ohio, refinery which 
has just completed 50 years of service. Several 
articles, however, are of general chemical interest: 
“Rubber from oil’’ continues the question of the rela- 
tion of petroleum to the synthetic rubber industry; 
“Kerosene to gasoline to fighting fuel’’ should be read 
by everyone who wants to know what the simultaneous 
development of the gasoline motor and of petroleum 
technology has really meant in the last 50 years of our 
history. To quote a few sentences: 


In the side-whisker days of 1895, however, the Machine Age 
was only a husky infant, straining to be weaned from the beef 
tallow and whale oil lubricants that held it friction-bound. The 
groans and wheezes of the machines that were rapidly increasing 
the productivity and lifting the standard of living of the American 
worker had to be quieted, and better lubricants provided to break 
the shackles that held inventive genius from devising even more 
complex mechanisms for the creation of wealth. Here was one 
of the first urgent needs facing the oil industry. 


“The fallacy of prophecy” is a pictorial page of the 
summer number of the Imperial Oil Review (Imperial 


Oil, Ltd., 56 Church St., Ontario, Canada). Its point 
is to show how pessimistic prophecies of the imminent 
failure of our petroleum resources, from 1914 to 1934, 
have repeatedly failed to come true. As a result, we 
are not so agitated over this possibility now as we were 
30 years ago. 


Oil-Power (‘‘Socony-Vacuum’s magazine of industrial 
romances”) (Socony-Vacuum Oil Company, 26 Broad- 
way, New York, New York) devotes its July-August 
number entirely to ‘‘Television in your home.’’ More 
than a summary of general principles, it goes into the 
technique of producing studio plays and other features 
of television programs. 








A Micro Isoteniscope 


OTTO F. STEINBACH and ARTHUR W. DEVOR! 
Adelphi College, Garden City, New York 


N A previous article? the authors described an iso- 
teniscope for student use which gave good results 
for vapor pressure measurements. Further investiga- 
tion led to a modified design of the Menzies isoteniscope 
which could be used to determine the vapor pressure 
with as little as 0.5 ml. of sample with a greater accuracy 
than that obtainable with the macro apparatus. 
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FIGuRE 1 


The apparatus was blown from thin-walled 2-mm. 
tubing and had the approximate dimensions shown in 
Figure 1 which were not critical. The bulb B was 
placed in a plane at right angles to that of the bulbs C 
and D so as to reduce the total space occupied. Before 
bending the apparatus, several thin lengths of solid 
glass rod and a few pieces of broken glass were intro- 
duced through the open end into the bulb B. This 
helped to promote equilibrium between the liquid and 
vapor phases. 

The isoteniscope was connected to a trap and 
manometer and ballast bottle, the arrangement having 
been described in the previous article. The apparatus 
may be easily filled by placing a sufficient quantity of 

1 Present address: University of Southern California, Los 
Angeles, California. 
ne O. F., AND A. W. Devor, J. CHEM. Epuc., 22, 288 


liquid in the bulb D and evacuating with a water pump. 
When air is admitted the sample will be forced over into 
the bulb B. The sample may also be removed in a 
similar manner by evacuating it and turning it upside 
down. The isoteniscope was placed in a 3-l. beaker 
containing the liquid used as the heating bath. This 
was heated to the boiling point of the liquid whose vapor 
pressure was to be determined. The pressure was 
slowly reduced in the apparatus by adjusting the leak 
until the sample began to boil and the trapped air was 
driven out. The pressure was then allowed to increase 
slowly by admitting air through the leak until the levels 
in the isoteniscope manometer were equal. The pres- 
sure and temperature were then recorded. 

In order to compare the experimental results with 
those in the literature, the log of the vapor pressure was 
plotted against the corrected reciprocal absolute tem- 
perature and the slope was obtained. The latent heat 
of vaporization, L, in calories per mole, was calculated 
from this slope. The results in the following tablé 
were obtained from plots on graph paper whose size 
was 8 X 10 inches. . 


TABLE 1. 
L Observed L Accepted Per Cent Error 

Aniline 11,478 11,270 1.85 

11,289 11,270 0.2 
Water 10,199 10,225 0.25 
Chlorobenzene 10,045 9,804 2.45 
Acetone 7,612 7,504 1.3 
Benzene 7,960 8,131 201 
Chloroform 7,612 7,504 1.3 


The results are actually of a much higher degree of 
accuracy than shown in the table, for the accuracy de- 
pends upon the size of the graph paper selected and thus 
an estimated error of about 2 per cent was obtained in 
plotting the data. Since the vapor pressure of water at 
different temperatures is known very accurately, it was 
felt that a real test of the data would be obtained if 
water were selected for the standard of comparison, and 
accordingly the data were plotted on much larger graph 
paper, 15 X 20inches. At the higher temperatures the 
experimentally determined vapor pressure differed 
from the accepted values by about 0.25 mm. while at 
the lower temperatures there was on an average 1 mm. 
difference. Both positive and negative deviations 
occurred. The authors believe that the apparatus is 
capable of giving results equal to that recorded in the 
literature. 

The isoteniscope was also used to determine the 
boiling points of pure substances. For this purpose it 
does not necessarily have to be connected to the evacu- 


(Continued on page 504) 
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A Re-evaluation of Methods 
of Teaching First-year College Chemistry 


LIEUTENANT RAYMOND J. PERRY 


United States Coast Guard Academy, New London, Connecticut 


HE beginning chemistry course at the college level 

has traditionally devoted a large amount of time 
and.effort to the job of teaching faetual, descriptive 
chemistry. This statement is essentially true for 
courses designed for students with high-school prepara- 
tion as well as for those taking chemistry for the first 
time. As a result of this preoccupation with factual 
detail, the opportunity is lost to teach the beginning 
college students much concerning principles of chem- 
istry. When it is necessary to present chemistry to 
college students with no high-school instruction in the 
subject, the necessity for actual treatment cannot be 
denied. However, in those cases in which students 
have had the advantage of high-school or preparatory 
chemistry, it appears uneconomic to spend much time 
at the eollege level reviewing material which has once 
been learned. Asa matter of fact, the high schools do 
a fairly good job of teaching factual chemistry material. 
Anyone who has had the experience of teaching college 
students with previous chemistry training is frequently 
surprised by the number of small descriptive details 
remembered by the good high-school chemistry student. 
In view of these facts it appears defensible to assert 
that the beginning college chemistry course for students 
with previous preparation should free itself from the 
traditional methods and emphasize, not facts, but basic 
principles of chemistry. This point of view does not in 
any way disparage the importance of factual material. 
The assumption is made, however, that the student 
with good high-school preparation has a working fund 
of facts sufficient for him to attack the study of chemis- 
try at the level of its principles and applications. 
Furthermore, a course of this kind can hope to increase 
a student’s factual background in the process of teach- 
ing to understand chemistry as a basic science. It is 
felt that this aim for the first course in chemistry is 
much more in keeping with the function of collegiate 
education than is the mere amassing of factual material. 
An attempt has been made at the United States 
Coast Guard Academy to develop a first course in 
chemistry that embodies the point of view just ex- 
pressed. This course has been developed to meet the 
particular demands of the situation. The Academy 
curriculum is essentially an engineering and science 
course which leads to a degree of B.S. in Engineering. 
The engineering subject matter, is of course, chcsen 
with respect to the needs of Coast Guard officers. The 
amount of engineering instruction is comparable, how- 
ever, to most undergraduate engineering curricula. 


The chemistry course has been designed to give Coast 
Guard Cadets the understanding of physical chemistry 
that will be useful in their other science courses, engi- 
neering courses, and in their later duties as officers. 
The course has also been planned with recognition of the 
fact that the high-school or preparatory school training 
of entering Cadets must, in part, include: (1) three 
years of mathematics, (2) one year of physics, and (3) 
one year of chemistry. Furthermore, at the Academy 
the Cadets have taken the equivalent of first-year col- 
lege physics and mathematics through calculus, before 
the chemistry course is presented. This arrangement 
makes it possible to assume knowledge of calculus and 
of electricity. While the Academy chemistry course 
takes into consideration all of the factors mentioned 
above, there appears to be nothing to prevent any col- 
lege or university from developing a first chemistry 
course with a similar orientation, provided the circum- 
stances peculiar to the institution are taken into ac- 
count. 

The first time that this new type chemistry course was 
presented at the Academy it was given on a 12-week- 
quarter basis and called for four class hours and two 
laboratory hours a week. In the future it will be pre- 
sented upon a 17-week-semester basis, involving three 
class hours and three laboratory hours a week. The 
textbook used is Meldrum and Gucker’s “Introduction 
to Theoretical Chemistry.”” The first 16 chapters, in- 
volving about 421 pages, are covered. The content of 
the course is further indicated by the chapter headings: 


Reaction Velocity and Equilibrium 

Arrhenius’ Theory of Ionization 

Reactions According to the Ionic Theory 

10. Quantitative Applications of the Ionization Theory 
11. Neutralization Indicators 

12. Electrical Conductance 

13. Electrode Effects 

14. Electromotive Force 

15. Applications of Electrode Potentials 

16. Modern Theories of Electrolytes 


The experiments performed in the 12-week course are 
as follows: 


1. The Elements and Their Classifications 

2. Chemical Combination and the Atomic Theory 
3. Gas Laws and the Kinetic Theory , 

4. Solutions 

5. Fundamental Chemical Theory 

6. Thermochemistry 

Z 

8. 

9. 


1. Surface Tension by the Ring Method 
Testing of various liquids using the Du-Nouy Tensi- 
ometer 
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2. Viscosity by the Rotating Cylinder Method 
Testing of lubricating oil and determination of tem- 
perature coefficients 
3. Gas Laws 
Part I—Verification of Boyle’s Law by measuring the 
volume of air at various pressures 
Part II—Study of the pressure-temperature relation- 
ship, using a small steam boiler 
4. Molecular Weight by the Dumas Method 
Determination of molecular weight of CHCl; in the 
usual manner 
5. Steam Distillation 
Steam distillation of toluene with emphasis on the laws 
of partial pressures 
6. Heats of Reaction 
Measurement of the heat of neutralization by mixing 
NaOH and HCl in a vacuum flask 
7. Volumetric Analysis 
Simple titration of NaOH and HCl 
8. pH by Indicators 
Hydrogen-ion concentration at different dilutions using 
various indicators 
9. Determination of Ionization Constant 
Ionization constant of succinic acid by equivalent con- 
ductivity measurements 
10. Electrometric Titration 
Electrometric titration using calomel and quinhydrone 
electrodes 
11. Faraday’s Laws of Electrolysis 
Electrolysis of CuSO, H2SO, solution, and Nal solu- 
tions in series; liberated I, being determined with 
standard sodium thiosulfate solution 
12. Copper, Zinc Potentials 
Measurement of e. m. f. of zinc sulfate; copper sulfate, 
and concentration cells 


The first three experiments will be eliminated from 
the course when it is given on a 17-week basis. They 
will be given in the physics course. It is intended to 
add such experiments as constant-boiling mixtures, 
viscosity by the Ostwald method, molecular weight by 
the freezing-point depression method, velocity of reac- 
tion such as the inversion of sugar, vapor pressure 
studies, phase diagram for two-component systems of 
metals, determination of hydrolysis constant, and pH 
by the colorimeter method. 

The above discussion indicates quite clearly the 
content and nature of the course. It is obvious that the 
course is primarily one of elementary physical chemis- 
try. The important point is that the fundamental as- 
pects of what is normally an advanced course can 
successfully be presented as the first college chemistry 
instruction. This effort to present fundamental physi- 
cochemical principles to beginning college students 
represents the primary advancement in chemistry in- 
struction that the development of this course seeks to 
attain. 

Most chemists will agree with the contention that an 
understanding of physicochemical principles is a more 
desirable result of chemistry instruction at the college 
level than is the accumulation of mere factual material. 
Few competent judges would disclaim the fundamental 
value of the material contained in the course outlined 
above. However, there is the possibility that many in- 
structors in chemistry may feel that a course which 
covers much of what is traditionally considered a very 
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advanced part of chemistry training cannot be success- 
fully presented as a first course. The fact of the matter 
is, though, that the course outlined above actually has 
been presented at the Academy, and the level of per- 
formance was comparable to that of other Academy 
classes taking a course patterned after the more usual 
approach to first-term college chemistry. In other 
words, the ability of students to grasp and learn the 
principles and material presented in the course outlined 
above does not appear to be any less than is their 
ability to master the factual content of most beginning 
college chemistry courses. Further, it seems reasonable 
to assume that the type of course discussed in this paper 
could be presented at as many levels of difficulty as can 
the traditional type of treatment. There is no reason 
to feel therefore that a beginning course stressing princi- 
ples and understanding, rather than factual material, 
need be limited to superior groups of students. 

It might be argued, however, that a course like the 
one described here would favor the student with previ- 
ous college chemistry work over the one taking chemis- 
try for the first time. That is, transfer students and 
others who for one reason or another have had previous 
college chemistry might be considered to have a distinct 
advantage. Fortunately, the policies of the Coast 
Guard Academy are such that a definite answer to this 
problem is possible. All Cadets entering the Academy 
take the uniform curriculum, regardless of their previ- 
ous training, even if it involves duplication of courses 
they have had elsewhere. Accordingly, the 123 
Cadets of the Class of 1947 who took the course out- 
lined above were divided into three groups upon the 
basis of their previous chemical training. The three 
groups are: Group A, those with only high-school or 
preparatory school chemistry (69 cases); Group B, 
those with only one college chemistry course (34 cases) ; 
and Group C, those with two to four college chemistry 
courses (20 cases). The material is at hand, therefore, 
to compare the performance of these three groups in the 
course. This comparison is made upon the basis of 
two performance measures: (1) final examination 
grades, and (2) the term marks in the course. Further- 
more, two sets of aptitude scores are also available for 
these Cadets. These tests were administered to the 
Class of 1947 immediately after it reported to the 
Academy and before any instruction was given. One 
of these tests is a measure of scholastic aptitude 
(SCHOL) which measures both the ability to deal with 
numbers and quantitative, numerical relationships and 
the ability to deal with linguistic and verbal material. 
This test is of the type sometimes called a mental 
alertness or intelligence test. The other test is a scien- 
tific aptitude test (SCI) which measures aptitudes for 
solving scientific problems and for utilizing scientific 
procedures. While no test is completely independent 
of background and training, both the SCHOL and SCI 
are very little influenced by specific educational back- 
ground and training. Aptitude measures are available 
for all of Group A, 31 cases in Group B, and 19 cases in 
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TABLE 1 
MEANS AND VARIABILITY MEASURES OF EACH GROUP AND OF ENTIRE GROUP FOR EACH COMPARISON MEASURE 
-———Chemisiry Final Exam—— ——Chemisiry Term Grade——~ SCHOL SCI 
Standard Standard Standard Standard Standard Standard Standard Standard 
devia- error of devia- error of devia- error of devia- error of 
Group Mean tion mean Mean tion mean Mean tion mean Mean tion mean 
A 73.01 10.4 1.3 75.86 8.7 1.05 139.41 14.3 1.7 98.30 23.36 2.8 
B 73.82 10.5 1.8 78.56 8.6 1.5 142.94 13.4 2.4 105.06 29.91 5.3 
¢ 79.30 10.4 2.3 82.20 9.2 2.02 143.95 17.3 4.1 120.53 14.50 3.5 
Total 74.26 10.7 1.0 77.63 9.1 0.8 141.05 14.8 1.4 100.24 31.02 2.8 
TABLE 3 


Group C. These test scores will be used to check the 
validity of the chemistry grade comparisons of Groups 
A, B, and C. 

Table 1 presents the mean, standard deviation, and 
standard error of the mean for each group and for the 
total group for each comparison measure. It is obvious 
that the order of the means from low to high for each 
measure is as follows: Group A, Group B, Group C. 
Whether or not these mean differences are large enough 
to exclude their interpretation as chance phenomena 
will be discussed below. At this point it is important 
only to note that those who excel in chemistry grades 
also excel in aptitude scores. 

Table 2 presents the data concerning the significance 
of the mean difference between each of the three 
groups in terms of the final examination grades in 
chemistry. 


TABLE 2 


ANALYSIS OF MEAN DIFFERENCES OF INDICATED GROUPS IN TERMS OF FINAL 
EXAMINATION GRADES IN CHEMISTRY 


ANALYSIS OF MEAN DIFFERENCES OF INDICATED GROUPS IN TERMS OF TERM 
GRADES IN CHEMISTRY 


Standard 
Mean Error of Critical 

Mean Mean2 Difference Difference Error 
Group A Group B 

75.86 78.56 2.70 1.83 1.48 
Group A Group C 

75.86 82.20 6.34 2.28 2.78 
Group B Group C 

78.56 82.20 3.64 2.52 1.44 

TABLE 4 
ANALYSIS OF MEAN DIFFERENCES OF INDICATED GROUPS IN TERMS OF 
SCHOL Scores 
Standard 
Mean Error of Critical 

Mean Meanz Difference Difference Error 
Group A Group B 

139.41 142.94 3.53 2.94 1.20 
Group A Group C 

139.41 143.95 4.54 4.43 1.02 
Group B Group C 

142.94 143.95 1.01 4.75 0.21 


Table 5 presents the data concerning the significance 
‘of the mean differences between each of the three groups 


for SCI scores. 


It should be pointed out that so far as 


Standard 
Mean Error of Critical 

Meam Meanz Difference Difference Ratio 
Group A Group B 

73.01 73.82 0.81 2.22 0.36 
Group A Group C 

73.01 79.30 6.29 2.64 2.38 
Group B Group C 

73.82 79.30 5.48 2.92 1.88 


scholastic aptitude is concerned there is no significant 
difference between the three groups involved. 





Special attention should be given to the last column 
of Table 2. A critical ratio is a statistical measure of 
the probability that any observed difference may be 
the result of chance factors only. The higher the 
critical ratio, the less the likelihood that one is dealing 
with a chance result. Conventionally, a critical ratio 
of 3.0 or higher is accepted as satisfactory evidence that 
the observed difference is a real one. Specifically, with 
a critical ratio of 3.0 there are only 2 chances in 1000 
that the result could occur by chance. When critical 
ratios fall below 3.0, the possibility that a chance result 
is involved has not been adequately eliminated. It 
should be noted, therefore, that none of the mean differ- 
ences shown in Table 2 meet the conventional test of 


_ Statistical significance. 


Table 3 represents the data concerning the signifi- 
cance between each of the three groups in terms of 
final examination grades in chemistry. Again no 
significant differences are involved. 

Table 4 presents the data concerning the significance 
of the mean difference between each of the three 
groups for SCHOL scores. 





TABLE 5 
ANALYSIS OF MEAN DIFFERENCES OF INDICATED GROUPS IN TERMS OF SCI 
ScorES 
Standard 
Mean Error of Critical 

Mean Mean2 Difference Difference Ratio 
Group A Group B 

98.30 105.06 6.76 5.99 1.12 
Group A Group C 

98.30 120.53 22.23 % 4.48 4.96 
Group B Group C 

105.06 120.53 15.47 6.35 2.44 


Among the mean differences analyzed in Tables 2, 3, 
4, and 5 there is only one that meets the conventional 
measure of statistical significance. The difference 
between the mean scores of Groups A and C on the 
SCI is highly significant (Table 5). The mean differ- 
ences between Groups A and C in terms of final ex- 
amination and term grades in chemistry are not signifi- 
cant but are very near to being so. The comparison of 
Groups B and C on the SCI also produces a near- 
significant result. None of the differences between 
Groups A and-B is great enough to suggest the existence 
of any real difference. 

As a final check, each of the 19 cases in Group C for 
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TABLE 6 
COMPARISON AND SIGNIFICANCE OF Groups A-1 AND C IN TERMS OF FINAL EXAMINATION AND TERM GRADES IN CHEMISTRY 
———————Group A-1 Group C. 
Standard Standard Standard 
Standard deviation Standard deviation Mean Deviation Critical 
Mean deviation of mean Mean deviation of mean Difference Difference Ratio 
Final Exam 75.89 8.92 2.12 79.30 10.4 2.3 3.41 3.13 1.09 
Term Grade 79.42 fe es se | 82.20 9.1 . 2.02 2.78 2.65 1.05 


whom SCI scores are available was paired with a case in 
Group A with the same SCI score or one very nearly the 
same. In other words, this procedure produces two 
groups equated in SCI score and differing only in terms 
of their amount of previous chemistry training. The 
selected cases from Group A will be termed Group A-1. 
The SCI means of Groups A-1 and C are identical 
(120.53); and the standard deviations are 15.04 and 
14.50, respectively. Groups A-1 and C were then 
compared in terms of final examination scores and term 
grades. Table 6 presents the results of these compari- 
sons of Groups A-1 and C. 

The differences between Groups A-1 and C are defi- 
nitely not statistically significant. In other words, by 
holding the factor of scientific aptitude constant, the 
near-significant difference between Groups A and C are 
lowered markedly. 

In summarizing the comparisons of these groups, it 
may be said that there is no really significant difference 
in chemistry grades (either final examination or term 
grades) between Groups A, B, and C. The mean 
scores on all measures (chemistry grades and aptitude 
tests) fall in the following order from low to high: 
Group A, Group B, Group C. This fact itself suggests 
that the observed mean differences between the groups 
on chemistry measures are at least partially a function 
of ability and aptitude factors. The near-significant 
differences that do exist cannot be explained as being 
predominantly a matter of background and training. 
The most marked mean differences on chemistry meas- 
ures are those between Groups A and C. However, 
when the factor of scientific aptitude (SCI Score) is held 
constant, the mean difference drops to a point not even 
approaching statistical significance. It may be finally 
concluded (1) that one previous college chemistry course 
does not affect Academy chemistry grades in any 
significant manner; (2) that two or more previous 
college chemistry courses do not affect Academy 
chemistry grades in even a near-significant manner if 
the factor of scientific aptitude is held constant. 

There is no effort made here to imply that the course 
at the U. S. Coast Guard Academy is completely 


@ The Electronic Corporation of America (45 West 
18th St., New York 11, New York) has published an 
illustrated booklet, ‘‘The Amazing Electron,’”’ which is 
available to teachers and students. 

Profusely illustrated in cartoon technique, and simply 
written, the booklet makes clear the composition of the 
atom, the historical development of electronic science, 
and explains its application in radio (including F. M.), 
television, medicine, and industry. 


unique. The writer has had personal correspondence 
with Professor Linus Pauling of the California Institute 
of Technology who has developed a similar course. 
Also, Emeritus Professor William T. Hall at the Massa- 
chusetts Institute of Technology has in personal corre- 
spondence expressed an interest in the Academy course 
and appears to be in essential agreement with the 
philosophy and point of view expressed in this paper. 
It is felt, therefore, that the type of course and pro- 
cedures advocated will represent a new trend in the 
teaching of first-year college chemistry, especially after 
the war when the demands for teaching specific material 
of military significance have disappeared. 

In summary, the following points should be empha- 
sized: (1) A course which is essentially elementary 
physical chemistry has been successfully presented as a 
first course at the U. S. Coast Guard Academy; (2) 
there is good evidence that students taking this course 
with only high-school or preparatory school chemistry 
can do practically as good work'as students with one to 
four previous chemistry courses at the college level; (3) 
the second finding would indicate that the course pre- 
sents material which is new even to students with previ- 
ous college work; (4) it is the contention of the author 
that a first course stressing principles and understanding 
of chemistry is of more value to the student than is one 
preoccupied with teaching primarily descriptive ma- 
terial, much of which is repetitious of high-school 
chemistry; (5) the point of view expressed here is not 
unique but represents the beginning new trend in the 
teaching of first-year college chemistry which is con- 
curred in by some of the leaders in the field. It is the 
hope of the author that other schools will adapt the type 
of course described here to their own requirements in 
an effort to exploit the advantages which would accrue 
from courses with this orientation. 





The opinions or assertions contained herein are the 
private ones of the writer and are not to be construed as 
official or reflecting the views of the Coast Guard or the 
Naval Service at large. 


e@ Even after the recovery from the Japanese of the tin 


mines in Malaya and the Dutch East Indies, some two . 


years will be required to bring them back into. produc- 
tion, it is said. Meantime tin is very short and the 
country is still being urged to conserve tin by salvage of 
tin cans. 


e@ November 11-17 has been set for the national ob- 
servance of American Education Week. 
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Teaching Technique through Cartoons 


HENRY E. WIRTH and BENJAMIN P. BURTT 
The Ohio State University, Columbus, Ohio 
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laboratory may tend to develop awkward and incorrect 
methods of handling apparatus. These habits become 
fixed if not corrected in time. Frequently the student 
will deny that the deviation he has introduced is 
“essentially’’ different from the method demonstrated. 
However, experience has shown that only correct tech- 
nique should be demonstrated by the instructor. No 
matter what is said while showing how not to do some- 
thing, some students will remember the demonstration 
and forget the words. 


JoURNAL OF CHEMICAL EDUCATION 


It is in this phase of instruction that the cartoon may 
be valuable. Incorrect technique can be demonstrated 
at the same time the correct technique is emphasized. 

This method is being tested in the quantitative 
laboratory at The Ohio State University, where six 
cartoons illustrating common errors (Figure 1) have 
been prominently posted. Students will thus be re- 
minded of problems of technique, and a student making 
an error may also have his attention called to a par- 
ticular cartoon by the instructor. 


The Preparation and Refining of Cane Sugar 


A Laboratory Experiment! 


F. FROMM, College of the Sacred Heart, Santurce, Puerto Rico, NICANOR QUINONES, American Cyanamid Company, 
Bound Brook, New Jersey, and RAUL MALDONADO, Central Aguirre, Puerto Rico 


THE emergencies of the war and especially the 
shortage in the supply of chemicals during the year 1942 
induced the Puerto Rican educational laboratories to 
rely more than ever on the local supply of raw ma- 
terials. The preparation and refining of cane sugar 
was introduced at that time into our program of organic 
work as an exercise in obtaining a carbohydrate as well 
as in performing a vacuum distillation. It has served 
well enough to be made a standard experiment in our 
organic course thereafter. The procedure may there- 
fore be of interest to other laboratories where cane 
juice and crude sugar may become available again. 

As Hessenland? did in the laboratory preparation of 
sugar from beets, we have followed closely the steps of 
the process in the sugar mill. To 500 cc. of cane juice 
such an amount of milk of lime was added that litmus 
would just turn blue. The mixture was allowed to 
settle overnight and was then filtered by suction. The 





1 See FRoMM, F., AND P. J. RIVERA, THIS JOURNAL, 21, 196 
(1944). 

2“Praktikum der gewerblichen Chemie,” J. F. Lehmanns 
Verlag, Munich, 1938, p. 207. 


clear, brownish yellow filtrate was evaporated in vacuo 
at 50 to 65°C. to a brown, very viscous sirup. It is 
essential to continue distillation until the sirup has 
reached a very high degree of viscosity and will scarcely 
flow, otherwise no crystallization will take place upon 
cooling. The hot sirup was poured into a crystallizing 
dish and was stored in the refrigerator until it was well 
crystallized for several days. The crystals were 
separated from the molasses by centrifugation, as filtra- 
tion on a Biichner funnel was impracticable. The 
yield of crude, brown sugar was about 70 per cent of 
the amount determined polarimetrically in the juice. 
The refining of this crude material or of commercial 
crude sugar is carried out similarly but is much easier to 
perform. One hundred grams of brown sugar are dis- 
solved in 90 cc. of water and treated with milk of lime 
as above. The yellow filtrate is heated with absorbent 
charcoal, filtered hot, and evaporated in vacuo at 50 to 
65°C. The brown, sirupy residue will crystallize much 
more quickly than the cruder material. The sugar 
crystals can be separated by suction on the Biichner 
funnel. The yield varies from 60 to 80 per cent. 


TAKE YOUR PICK 


**No one can doubt that this world will one day again be exposed to the deadliest 
struggles for the existence of mankind. Nothing can be finally victorious but the passion 


for self-preservation. 


So-called humanitarianism, the expression of a mixture of 


stupidity, cowardice, and conceited priggishness, melts before it like snow in the March 


sunshine. 


“We, the peoples of the United Nations. . 


Humanity grew great in eternal strife—in eternal peace it perishes.”’ 


—Mein Kampf 


. to reaffirm faith in fundamental human 


rights, in the dignity and worth of the human person, in the equal rights of men and 
women and of nations large and small . . . to promote social progress and better stand- 
ards of life in larger freedom, and for these ends to practice tolerance and live together 


in peace with one another as good neighbors . . 


. have resolved to combine our efforts 


to accomplish these aims.’’—From the Preamble to the San Francisco Charter 
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Some Outstanding Teachers of Chemistry 
in Negro Colleges and Universities 


WILLIAM J. L. WALLACE 


West Virginia State College, Institute, West Virginia 


VER 100 years have passed since the oldest Negro 
college now in existence opened its doors for the 
education of a race that was destined in one section of 
the country to receive its schooling in separate schools. 
In the earliest days there began earnest and energetic 
struggles to improve upon methods of teaching, to 
obtain prepared teachers, to procure equipment, build- 
ings, and all of the necessities for an adequate educa- 
tional program. ‘Today there are over 100 such col- 
leges in existence. In recent years tremendous efforts 
have been made to raise standards and to place the 
quality of education obtainable in these institutions on 
a par with the best in the nation. In 1944, 37 of these 
colleges were accredited in their areas by their respec- 
tive accrediting agencies; an additional one of these 
educational institutions was accredited as a junior col- 
lege and 20 more rated ‘‘B.’’? 

One of the manifestations of this effort to improve 
the quality of education in Negro colleges and universi- 
ties is the increase in stature of the teachers of chemis- 
try in these institutions. This growth in stature is evi- 
dent first of all in the graduate training received by 
these teachers. Listed in the seventh edition. of 
‘‘American Men of Science” are at least 28 teachers of 
chemistry in Negro institutions of higher learning.® 
Of these, 21 have received the doctorate in chemistry 
and 7 the master’s degree. For the most part the 
graduate training has been obtained in recent years. 
For in 1926 one of these persons procured the doctorate, 
one in 1930, two each in the years 1932, 1933, 1934, and 
1937, one each in 1938, 1939, 1940, 1942, and 1943, and 
three in 1935 and 1941. This indicates an awakening 
to the necessity for further training and reflects the 
increasing competition among teachers for positions 
and among colleges for well-trained teachers. 

These 28 teachers are distributed in 19 institutions. 
In 1939 Woodson reported 13 holders: of the doctorate 
in chemistry among 66 teachers in 36 institutions.‘ 
The 13 holders of the doctorate were teaching in 8 insti- 
tutions. Seventeen of the 19 schools on whose staffs 
are the 28 teachers listed in ‘“‘American Men of Science’”’ 
areon Woodson’s list. A similar study made in 1940 by 
this author shows that ‘9 of 35 Negro colleges have at 





1 Prepared for the 1945 meeting-in-print of the Division of 
Chemical Education, American Chemical Society. 

2 “‘Accredited Higher Institutions,’ Bulletin No. 3, Federal 
Security Agency, U. S. Office of Education, 1944, pp. 6-91. 

3 Cattell, J. McKeen, and Jaques Cattell, Editors, ‘‘American 
Men of Science,”’ 7th Edition, The Science Press, New York, 1944, 
, ue Haroip W., Journal of Negro Education, 8, 647 
(19389). 


least one man in the department of chemistry with the 
degree of doctor of philosophy in chemistry.’®> A com- 
parison of the figures mentioned here indicates that be- 


* tween the time of these studies and 1944 there was a 


considerable increase in the number of teachers in 
Negro colleges holding the doctor’s degree. Table 1 
shows the distribution of teachers of chemistry in Negro 
colleges listed in ‘‘American Men of Science.”’ 


TABLE 1 


DISTRIBUTION OF 28 TEACHERS OF CHEMISTRY LISTED IN ‘‘AMERICAN MEN 
OF SCIENCE”’ IN NEGRO COLLEGES AND UNIVERSITIES 


College or University Number State Number 
Howard University 6 Alabama 3 
Dillard University 2 Arkansas 1 
Tuskegee Institute 2 District of Columbia 6 
Virginia State College 2 Georgia 1 
West Virginia State College 2 Kentucky 1 
A. and T. College of N. C. 1 Louisiana 3 
Bishop College 1 Missouri 1 
Fisk University 1 North Carolina 1 
Langston University 1 Oklahoma 1 
Lincoln University [Mo.] 1 Pennsylvania 1 
Lincoln University [Pa.] 1 South Carolina 1 
Louisville Municipal College 1 Tennessee 2 
Meharry Medical College 1 Texas 2 
Morehouse College 1 Virginia 2 
Philander Smith 1 West Virginia 2 


State Colored N.,1I., A., and M. 
College [S. C.] 

Talladega College 

Wiley College 

Xavier University 


— tt 


That which is generally true of faculties of Negro 
colleges holds here. The 28 teachers of chemistry 
mentioned have received their graduate training from 
the best colleges and universities. Table 2 shows the 
institutions from which degrees were obtained. Note 
that all of the universities listed which are located in 
this country are on the American Chemical Society’s 
approved list of institutions whose graduates are eligible 
for membership in the Society in the minimum period 
after graduation. This indicates that these teachers 
of chemistry in Negro colleges have received excellent 
training in chemistry. 

A glance at Table 1 shows that these 28 men are 
located in institutions in 14 states and the District of 
Columbia. Thus, their services as teachers are avail- 
able over a wide geographical range, so that a compar- 
ably large number of Negro college students receive 
instruction from them. However, at present only one 
of these institutions is on the American Chemical 
Society’s approved list for professional training of 
chemists. Indications are, however, that with the 





5 WALLACE, WILLIAM J. L., “Chemistry in Negro colleges,” 
West Virginia State College Bulletin, 19 (April, 1940). 
6 Chem. Eng. News, 23, 372 (1945). 
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TABLE 2 
UNIVERSITIES FROM WHICH HIGHEST DEGREE OBTAINED 
Name of School 


Columbia University 2 
Cornell University 

Harvard University 

Howard University 

Johns Hopkins University 
Massachusetts Institute of Technology 
McGill University 

Ohio State University 

Pennsylvania State College 
University of Chicago 

University of Colorado 

University of Illinois 

University of Indiana 

University of Iowa 

University of Louisiana 

University of Michigan 

University of Minnesota 

University of Southern California 
University of Vienna 


Number 


eel Bell el lel hae a ne Oe) 


emphasis on the improvement of training of teachers, 
the increase in appropriations for equipment, library 
facilities, and research, a number of these institu- 


JOURNAL OF CHEMICAL EDUCATION 


tions may be close to the attainment of that goal. 
In 1940 Woodson gave a partial list of publications of 
teachers of chemistry in Negro colleges.’ This bibli- 
ography covered the years 1930 through 1939 and listed 
48 publications in leading chemical journals. The out- 
put in the latter years of the period indicates that 
there was an increasing interest in research and publica- 
tion in these institutions. An examination of the pub- 
lications in the outstanding chemical journals since 193° 
shows that an increasing amount of research is being 
done. The small group of men considered here had ac 
counted for at least 40 additional publications in the 
chemical periodicals through the year 1943. This does 
not take into consideration pamphlets and articles pub. 


* lished in educational periodicals on teaching problems 


Thus, students in the colleges and universities for 
Negroes are receiving the benefit of instruction inspired 
by achievement and creative effort. 


7 Woopson, Harotp W., J. CHEM. Epuc., 17, 115 (1940). 





A MICRO ISOTENISCOPE (Continued from page 496) 


ating system or trap. It may also be modifiéd by cut- 
ting it off below the bend marked point A in the figure. 

The isoteniscope was wired to a thermometer and 
placed in a 3-1. beaker containing the heating liquid and 
the temperature was raised until boiling started in the 
bulb B. The bath was allowed to cool slowly with 
vigorous stirring and when the liquid levels in the iso- 
teniscope manometer were the same the temperature 
was recorded. The procedure may be repeated as often 
as desired and three or four determinations may easily 
be made by alternate heating and cooling. The boiling 
points readily check to within 0.1°C. and the results 
were in good agreement with the literature values when 
the exposed stem and barometric pressure corrections 
were made. 

The micro isoteniscope also offers the possibility of 
determining vapor pressures at any desired or predeter- 
mined temperature. The isoteniscope was mounted in 
a cork with a thermometer and was placed in a two-neck 
500-ml. flask and connected to the trap, manometer, 
ballast bottle, and water pump as before, and the other 
neck of the flask was connected to a reflux condenser. 


@ When synthetic rayon yarns were introduced in 
America, satisfactory trade acceptance depended on the 
development cf a satisfactory sizing. Silk, which is a 
natural yarn, is already coated with a lubricant that 
minimizes friction at the weaving loom. Long experi- 
mentaticn finally established animal glue as the most 
satisfactory sizing, and teday millions of pounds of 
glue are used for that purpcse. Glue is also used as 
a dye leveling agent, fcr the preparation of water- 


Various liquids of required or suitable boiling points 
were placed in the flask or several flasks. 

The liquid in the flask was heated and maintained at 
an even rate of boiling, the condensed vapor heating the 
sample to the desired temperature. The water pump 
was then turned on and the pressure was slowly reduced 
until boiling took place in the bulb B. After the 
trapped air was driven out of the isoteniscope the pres- 
sure was allowed to increase slowly until the liquid 
levels of the isoteniscope manometer were equal. This 
can be adjusted very accurately. However, the levels 
do not necessarily remain fixed, as slight differences in 
water pressure change the pressure in the system. The 
procedure was repeated until the pressure and tempera- 
ture readings checked, since this indicated that the last 
trace of trapped air had been expelled from the iso- 
teniscope. The pressure readings checked to within 1 
mm. and the temperature to within 0.1°C. 

The results obtained were of a high degree of accu- 
racy. The experimentally determined points fell di- 
rectly upon a large-scale plot of the accepted values log 
P and 1/T, within the limits of the experimental error. 


resistant or splash-proof finishes, and as a stiffening 
agent. 

@ The measure of flow rate of fluids is not an unusual 
problem and the use of rotameters for this purpose is 
coming to be common practice. Two pamphlets on 
this have recently been published by the Fischer & 
Porter Company (Hatboro, Pennsylvania), entitled, 
respectively, ‘“Theory of the Rotameter,” and “‘A New 
Era in Flow Rate Measurement.” 
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Solute Effect on Vapor Pressure 


A Classroom Demonstration 





ARTHUR W. DEVOR! 
Adelphi College, Garden City, New York 


METHOD for demonstrating the effect of temper- 

ature upon the vapor pressure of a solvent is de- 
scribed in a previous article.? It was used in the general 
chemistry classes. When demonstrating osmosis to 
beginners the author found it helpful and also interest- 
ing to the students to demonstrate qualitatively the 
effect of a solute upon the vapor pressure of the solvent 
as described below. 

The apparatus was made from a pyrex test tube 25 X 
250 mm. by bending and blowing it into a U-shape; 
making the two T-connections, sealing off the open end, 
and blowing it out into the desired shape. Tight-fitting 
rubber tubes with stopcocks were forced over the open- 
ings at A and B. 

Boiling stones (porous chips) were added and distri- 
buted so that both sides of the tube contained several 
small pieces. Ten milliliters of distilled water were in- 
troduced through the tube into the side C. Ten milli- 
liters of saturated magnesium sulfate solution (satur- 
ated at 60°C.) were then poured through the tube into 
the side D, being careful that none of the magnesium 
sulfate mixed with the distilled water. The air was 
eliminated from the system by boiling the water and 
the solution for a minuteortwo. Then the stopcock at 
A was closed, the heat was removed, and the stopcock 
at B closed very carefully so that no air would get 
back into the system. The apparatus was lowered into 
a beaker of hot water. The students could see the dis- 
tilled water boil while the solution did not show any signs 
of boiling. The entire apparatus was left untouched 
until the next class period. When it was exhibited to 
the class they could see that most of the distilled water 
was gone and that the solution was nearly twice the 
original volume. 

Eliminating the air by applying suction seemed more 
confusing to students who had had no physics. When 
evacuating by boiling, it was also found advisable to 
connect the tube at B to a trap containing steam (no 


1Present address: University of Southern California, Los 
Angeles, California. 
2 J. Cuem. Epuc., 22, 144 (1945). 


e@ A 24-page illustrated booklet describing the many 
applications of the chemical melamine, in the plastics, 
textile, paper, leather, chemical, paint, and allied in- 
dustries, has been published by the American Cyanamid 
Company, 30 Rockefeller Plaza, New York 20, New 
York, which was the first company to recognize the 
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air) and boiling water. In this way the instructor 
could wait until there was absolutely no danger of caus- 
ing pressure inside the system before closing the second 
screw clamp. When saturated calcium chloride solu- 
tion was used the distilled water boiled more vigorously 
than in the case of magnesium sulfate solution, and no 
distilled water was left by the next period. It was 
found that the water boiled more smoothly if new boil- 
ing stones were used for each demonstration. 


tremendous possibilities in melamine and to make it 
available to American industry on a commercial scale. 

The booklet is designed for popular appeal and to sup- 
plement the numerous technical publications relating 
to the various applications of melamine and the chemi- 
cal compounds in which it is used. 










A Mirror Thermometer 


ALEXANDER P. MARION 
Queens College, Flushing, New York 


HE apparatus described below was devised to fur- 

nish a simple method by which temperature changes 
could be demonstrated to a relatively large audience. It 
can be used, for example, to show the thermal effects 
which may occur during the solution process or the heat 
evolved in a neutralization. 

















LAMP LENS M/RROR 
O) 
THERMOMETER | 








Basically the apparatus is an optical lever in which 
the torque needed to rotate the mirror is derived from 
the bimetallic element in a thermometer. A 50-candle- 
power automobile head lamp serves as the high inten- 
sity light source. 

The first step in assembling the apparatus is to re- 
move the glass disc protecting the face of a Weston 
all-metal thermometer of suitable range (0 to 100°C.). 
Two circular cover glasses, of the type used in mounting 
biological specimens for observation under the micro- 
scope, are silvered on one side, fastened together with a 
dab of deKhotinsky cement so the silver surfaces are in 
contact, and then cemented to the pointer, care being 
taken to keep them perpendicular to the plane of the 
dial. © 

A satisfactory method for silvering a cover glass is to 
dip the clean disc alternately into an approximately 10 
per cent formaldehyde solution and then into an ammo- 
niacal silver nitrate solution which contains a trace of 
the undissolved silver oxide precipitate. Then while 


washing under running water the deposit on one side of 

the glass may be rubbed off with a wad of cotton. 

The light unit consists of a 50-candlepower, 6- to 8- 
volt, Mazda lamp (1183) mounted in a metal can di- 
rectly behind the lens of a 10-power magnifier. ‘If the 
legs are removed from one of the tripod magnifying 
lenses used in the laboratory, the threaded collar which 
remains can be bolted to the lamp housing, thereby pro- 
viding a focussing adjustment. The exact separation 
between the lens and the filament will depend upon the 
distance from the light unit to the screen but will be ap- 
proximately one and one-half inches for a screen 20 feet 
away. It is important to have the filament centered di- 
rectly in back of the lens. 

A transformer capable of supplying between six and 
eight volts at about nine amperes is necessary if oper- 
ation from the 110-volt a. c. lines is desired. A storage 
battery is an alternative. 

In operation, the image of the filament is brought to 
a sharp focus on the wall, or a suitable screen, and the 
thermometer positioned so the mirror intercepts the 
light beam. In some cases a more distinct image can be 
obtained with little loss in intensity if the lens aperture 
is reduced by an opaque mask placed between the two 
elements of the lens. \ 

The choice of an optical system was based on a con- 
sideration of the chief disadvantage of electrical and 
mechanical methods: the scale, or dial, or other view- 
ing form is usually small and, consequently, the over-all 
magnification is low. This is in marked contrast to op- 
tical methods where the relative intensities of the light 
source and of the room illumination determine the al- 
lowable magnification. For example, the original ther- 
mometer scale is approximately six inches long but if 
this apparatus is used with a screen 20 feet away the pro- 
jected scale is approximately 250 feet, or about 500 
times as great as the original. Even under such circum- 
stances the room need not be darkened for the image 
of the filament is clearly visible. 

’ Since the silvered cover glasses give, in effect, two re- 
flecting surfaces back to back, readings are continuous 
over the entire range of the thermometer. However, 
the intensity of the image falls off as the mirror becomes 
parallel to the light beam so a small zone may exist in 
which no readings can be taken if the room illumination 
is sufficiently high. 

Another advantage of this apparatus is that the ac- 
curacy of the readings is essentially maintained equal to 
that of the original thermometer for there is practically 
no mechanical load applied to the system. 
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ie THE researches with gases being carried out at 
Western Reserve University it is necessary that a 
considerable quantity of Dry Ice be available at all 
times. A survey of the literature reveals several storage 
containers for commercial use but none of simple design 
suitable for laboratory use.!:?:3:4.5 Several of the con- 
tainers described in this paper have been made to afford 
efficient storage of Dry Ice in the laboratory. 

The storage box is made of white pine lumber as shown 
in the two sectional drawings in Figure 1. The con- 
tainer is 26 inches square and 30 inches high. Centered 
in the box is a chamber 12 inches square and 16 inches 
deep to accommodate a 50-pound block of Dry Ice. 











The void between this chamber and the outside of the 
box isinsulated with ground cork, vermiculite, or mineral 
wool, as shown by the cross hatching in the side-sec- 
tional view. This cross hatching is omitted in the top- 
sectional view for sake of clarity. 

The top is hinged with two strap hinges Y and is 
opened by means of a brass handle Q. To afford better 
insulation the Dry Ice compartment is sealed by a strip 
of sponge rubber attached to pieces L of the lid. 

For convenience in movement about the laboratory 
the box is placed upon four casters Z. 

The wooden parts are cut as shown in Figure 1 and 
are fitted together with wood screws of the appropriate 
size. The rounded corners are produced by the use of a 
quarter round wooden inset. 

The list of parts exclusive of wood screws follows: 


Letter in 
Figure 1 Description 
A 4 pieces 13/4 X 13/4 X 263/s inches 
4 pieces 211/32 X 21/2 X 25 inches 
4 pieces 5/s X 19/16 X 26 inches 
2 pieces */4 X 43/3 X 211/2 inches 
2 pieces 3/4 K 13/4 X 211/2 inches 
2 pieces 13/4 X 31/2 X 25 inches 
2 pieces 3/4 K 13/4 XK 161/2 inches 
2 pieces 3/4 X 13/4 X 13 inches 
4 pieces */, X 3 X 26 inches 
4 pieces 3/4 X 715/16 X 221/3 inches 
4 pieces 11/s X 13/3 X 143/4 inches 
4 pieces 11/s X 33/16 X 233/s inches 
4 pieces 3/4 X 63/4 X 201/2 inches 
4 pieces */4 X 11/3 K 183/, inches 
4 pieces */4 X 13/4 X 145/s inches 
1 brass handle 
4 pieces 1/2 X 25 X 293/s inches-Plywood 
1 piece 1/2 X 25 X 25 inches-Plywood 
1 piece 1/2 X 14 X 14 inches-Plywood 
1 piece 1/2 X 181/2 X 181/2 inches-Plywood 
2 pieces 1/2 X 13 X 1511/16 inches-Plywood 
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FIGuRE 1 


2 pieces 1/2 K 128/s X 1511/16 inches-Plywood 
1 piece 1/2 X 13 X 13 inches-Plywood 

2 strap hinges (6 inch) 

4 casters 
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Sherlock Holmes: 


Analytical Chemist 


R. P. GRAHAM 


McMaster University, Hamilton, Ontario 


T was Louis Untermeyer who described (1) Sherlock 

Holmes as ‘‘a legend that has come to life.’”” Many 
scores of papers have been written* about this most 
renowned of all detectives, and there remain but few 
aspects of his private life not yet subjected to an analy- 
sis almost as penetrating as that applied by Sherlock 
Holmes himself in the more than 50 case histories 
chronicled by Dr. John H. Watson. But—and it is a 
singular oversight considering how important an avoca- 
tion of his it was—no one appears to have devoted much 
attention to his chemical work. It is the purpose of this 
essay to furnish some account of Sherlock Holmes the 
chemist. 





SHERLOCK HoLMES, BY FREDERIC Dorr STEELE 
—Reproduced from “221B: Studies in Sherlock 


Holmes” through the kindness of Vincent Starrett 
and The Macmillan Company, New York. 


The evidence relating to the university career of 
Sherlock Holmes has been examined in detail by 
Dorothy L. Sayers (3). She has concluded that he was 
admitted to an Honours Degree at Cambridge after 
sitting, late in 1874, for his Tripos in Natural Sciences; 
his fields of specialization were chemistry and compara- 
tive anatomy and physiology. That he engaged in 
postgraduate study of chemistry is highly probable, 
but it is not clear whether he thus honored the Univer- 
sity of London (4), the Johns Hopkins University (5), 
or a university in Germany (3). Young Stamford, 
who introduced Dr. Watson to Sherlock Holmes, con- 
sidered the latter a ‘‘first-class chemist’ (12), and Dr. 
Watson, in the early days (1881) of the partnership, 
recorded (12) that his new friend’s knowledge of chem- 





*For an exhaustive bibliography, see the compilation by 
Edgar W. Smith (2). Some of the more important volumes of 


collected essays are ‘‘Baker Street Studies,’’ ‘‘221B: Studies in 
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Sherlock Holmes,”’ and “Profile by Gaslight.” 


istry was “‘profound”’ [although Watson, whose mem- 
ory was very far from infallible, thought some years 
later (13) that he had described it as ‘‘eccentric’’]. 

Because Dr. Watson’s knowledge of chemistry was 
little short of pathetic, he cannot be regarded as quali- 
fied to assess Holmes’s proficiency in the subject. _ Per- 
haps the best indication of Watson’s understanding of 
chemistry, or rather, Jack of it, was his conclusion from 
the facts of their lightness and transparency that cer- 
tain pills—those used by Jefferson Hope in the ven- 
geance murder of Enoch Drebber (12)—were soluble in 
water. The agreement Holmes expressed was, of 
course, with Watson’s conclusions, and not with his 
manifestly absurd reasoning. Again, when the detec- 
tive’s Boswell refers to certain chemical experiments as 
being ‘‘weird” (14), he is obviously indicating merely 
his own inability to understand them. If Watson had 
possessed even a modest appreciation of chemistry 
there would be available a wealth of information re- 
garding the chemical Holmes; as it is, one must be con- 
tent with rather scanty data. 

When, in 1881 (6), Holmes was giving consideration 
(12) to moving from Montague Street (15) [where he 
had been staying, apparently (3), since 1876], Watson 
was asked if he would object to the presence of chemicals 
and the carrying out of experiments in the Baker 
Street rooms they were talking of sharing. The doctor 
raised no objections then, nor at any later date in so far 
as is known. This is in spite of the fact that oft-pre- 
pared (14, 16) malodorous products sometimes (17) 
almost drove him out of the apartment. The living 
room was “always full of chemicals’ (15), although 
their proper place was apparently on an ‘‘acid-charred 
bench” (18). This bench was in the corner that con- 
tained the ‘‘acid-stained, deal-topped table’’ (19) at 
which Holmes sat on a laboratory stool (16) to carry 
out his experiments. On the wall there were scientific 
charts (18). an 

Dr. Watson, who never was very observant, has 
given a very incomplete account of the chemical ap- 
paratus Holmes used at 221B Baker Street. It is re- 
corded, however, that he had a low-power microscope 
(20), test tubes (16, 17, 21,22, 23), a test tube rack (16), 
a glass pipet (23), a Bunsen burner (23), and retorts 
(17, 22) which were probably curved ones of glass (23). 
One of the retorts very likely had a capacity above 
2000 ml., since the condensate from a distillation was 
collected in a “‘two-litre measure” (23). His litmus 
paper (23) doubtless was kept in a-small phial. There 
must have been containers for hydrochloric acid (21), 
nitric acid [which would account for some of the stains 
(12) on Holmes’s fingers], and sulfuric acid [certainly 
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some of the stains on the table (19) and part of the 
charring of the bench (18) must be attributed to this 
common reagent]. One is tempted to speculate regard- 
ing the contents of other reagent bottles (23) [a ‘“‘for- 
midable array” (21)], but—and it is Holmes’s own dic- 
tum (24)—“it is a capital mistake to theorize before 
one has data.” 

In 1881 (6), at the time Dr. Watson made the ac- 
quaintance of Sherlock Holmes in the chemical labora- 
tory of St. Bartholomew’s Hospital in London, Holmes 
was studying blood chemistry (12). Earlier, in fact 
during one of his long vacations as an undergraduate 
[probably (3) in the July of 1872 or of 1873], he had spent 
seven weeks working out some experiments in organic 
chemistry in his London rooms (25). Thus his early 
interest was in the organic field. But what of his later 
chemical studies? The Watsonian text furnishes defi- 
nite, albeit meager, information relative to some five 
chemical projects, not considering, for the moment, two 
or three experiments undertaken as part of the inves- 
tigation of certain criminal activities. Of these five 
studies, three are without question organic chemistry, 
and only one suggests an inorganic problem. Holmes’s 
chemical interests, accordingly, were largely centered in 
the organic branch of chemistry. 

His forte was analytical organic chemistry. For 
example, he devised a specific test for the characteriza- 
tion of hemoglobin} (12), and during the investigation 
of the strange death of Mr. Bartholomew Sholto (17) 
(himself an amateur chemist) Holmes rested his mind 
by busying himself with an “‘abstruse chemical analy- 
sis.”’ The crisis occurring in the relations of Miss Vio- 
let Hunter with the Rucastles (22) caused delay of an 
analysis of ketones (Watson mistakenly reported this 
as ‘“‘acetones’’), and again, ‘“‘a chemical analysis of 
some interest’ was interrupted by the peculiar activi- 
ties of Abe Slaney (16). An identification of a barium 
salt was made while Holmes had on his mind the case 
of the missing Mr. Hosmer Angel (27). But even with- 
out these clearly defined examples we might have 
known that analysis would be the branch of chemistry 
to claim his interest. It was analytical reasoning, fol- 
lowing upon the observation of minutiae, that fre- 
quently led Holmes to the startlingly successful results 
he obtained in his practice as a consulting detective. 
He himself claimed (17) that he was in his own proper 
atmosphere when he was involved with ‘‘the most in- 
tricate analysis.”’ / 

There is clear evidence that Sherlock Holmes pos- 
sessed excellent chemical technique. Watson has re- 
corded (12) that Holmes manipulated apparatus 
‘philosophical instruments”) with an ‘extraordinary 
delicacy of touch’’; and the doctor, whatever his chemi- 
cal limitations, would, by virtue of his surgical training 
(12), have been able to recognize good technique. The 
presence of laboratory furniture damaged by chemicals 





{ In present-day practice, the qualitative test recommended 
(8) for the detection of blood utilizes the reaction of hemoglobin 
with benzidine (4,4’-diaminodiphenyl) in the presence of hydro- 
gen peroxide to produce a blue color. 
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(18, 19) over a 10-year period? does not invalidate this 
thesis because Holmes was frequently engaged in re- 
search involving the study of unknown, and thus pos- 
sibly violent and explosive, reactions that would lead to 
unavoidable accidents. 

A Holmesian scholar of note, S. C. Roberts, has con- 
tended (7) that the interest of Sherlock Holmes in 
chemistry was purely a practical one, and that he was 
not devoted to scientific investigation for its own sake. 
This must not pass unchallenged. It is, of course, per- 
fectly true that Holmes applied his knowledge of science 
to various problems arising from his professional work: 
witness the use of microscopy for the identification of 
zine and copper filings (20) (which resulted in the cap- 
ture of a “‘coiner’’), and of glue (20) (which identified 
a murderer), and his intensely practical burning of 
powdered devil’s foot root (Radix pedis diabolt) in his 
reconstruction of the tragedy of the Tregennis family 
(27). And again, it is admitted that his determination 
(23) of the pH of a particular reaction (to decide a 
man’s fate), and his development (12) of a test for blood 
stains are illustrations of applied chemistry. But these 
examples are from the work of Holmes the detective, a 
practitioner in forensic chemistry. Holmes, the stu- 
dent of pure chemistry, is in evidence when he is identi- 
fying barium bisulfate$ (21), investigating the dissolu- 
tion of a hydrocarbon (17), analyzing ketones (22), 
and spending some mionths ‘‘in a research into the coal- 
tar derivatives’ [conducted, in late 1893 and early 
1894 (19), in a laboratory at Montpellier in the south 
of France]. There is not a tittle of evidence to suggest 
that, in these studies, Holmes was interested in any- 
thing but the pursuit of pure knowledge. No, Mr. 
Roberts, Sherlock Holmes was a happy blend of the 
practical and the theoretical chemist. 

The development of a test capable of detecting blood 
at a dilution of one part per million was an outstanding 
piece of work.|| The research involving coal-tar de- 
rivatives was concluded to Holmes’s satisfaction—and 
we know that his standards for his own work were of 
the highest order. These accomplishments, even if 
one does not consider the diversity and complexity of the 
other chemical studies he successfully pursued, would 
stamp Holmes as a chemist of high rank. There is no 
doubt that ‘‘science lost an acute reasoner, when he 
became a specialist in crime” (24). 

From his biographer it is known (28) that the master 
detective was an “uncomfortable man’ without his 
chemicals. There is no question but that ‘‘the chemical 
work which was so dear to him’’ (21) was continued on 

+t Holmes and Watson moved into 221B Baker Street in 1881 
(6). Observation of stains on the chemical table seems to have 
been first made in April, 1894 (19), but the rooms had been, at 
this date, unoccupied since April, 1891 (19, 26). 

§ Barium bisulfate may be prepared by crystallization from a 
solution of barium sulfate in concentrated sulfuric acid (9). 

|| Holmes considered (12) that the ‘‘old guaiacum test was very 
clumsy and uncertain.”” The guaiacum reaction was first de- 
scribed by Schénbein (Christian Friedrich Schénbein, 1799~ 
1868, the discoverer of ozone) in 1858, and is sensitive to perhaps 
one in 100,000 (10). It is not known whether the test devised by 


Holmes some 65 years ago has been compared with later proce- 
dures reported (10, 11) to be more sensitive than one in 1,000,000. 
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the Sussex Downs in the days of his retirement; the 
latter would allow him, as he himself put it (26), ‘‘to 
concentrate my attention upon my chemical re- 
searches.”’ It is indeed a pity that there is available no 
specific information about these later chemical studies 
of Sherlock Holmes. But it is certain that the theory 
and practice of analytical chemistry have claimed, 
and perhaps even now are claiming, many of his leisured 
hours. 
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The Photoelectric Colorimeter 


JAMES B. SUMNER 
Cornell University, Ithaca, New York 


BACK in 1910 Folin, at the Harvard Medical School, 
introduced the DuBoscq colorimeter for analytical work 
in biochemistry. This instrument was of great value 
for the quantitative determination of total nitrogen, 
ammonia, urea nitrogen, sugar, creatinine, uric acid, 
phosphorus, etc., when great accuracy was not essential, 
when only small quantities of material were available 
for analysis, when a speedy analysis was desirable, and 
when many analyses had to be run. However, most 
analytical chemists did not consider these colorimetric 
methods to be the equal of titrimetric methods when 
accuracy and reliability were of prime importance. Col- 
orimeters usually were in good condition when first 
purchased, but after several months of use by students 
were almost certain to have degenerated because of 
having had corrosive solutions spilled on the opal glass 
reflector, or on the gears. The balsam cement on the 
prisms sometimes turned yellow and this made one side 
of the field darker than the other side. With such a 
colorimeter it was nearly always impossible to get both 
fields to match, even when one rotated the instrument 
to illuminate one field more strongly than the other. 

Recently photoelectric colorimeters have become 
available and at a cost not much greater than that of 
one of the more expensive DuBoscq colorimeters. The 


hag 


vital parts of these photoelectric colorimeters are usu- 
ally protected against corrosive liquids. I used to long 
for the day when our laboratory could afford to buy 
enough student colorimeters to issue one to every four 
or five students. We used to try, although often without 
success, to make the students read their solutions rap- 
idly and to prevent them from lingering for many min- 
utes, whereby they developed eye fatigue and held up 
the line of those awaiting a turn. Now, using the pho- 
toelectric colorimeter, I find that each student makes a 
rapid reading and departs. This speed is probably due 
to the fact that the inexperienced analyst can have no 
doubt in his mind as to the result indicated by the gal- 
vanometer needle. 

The accuracy obtainable with the photoelectric color- 
imeter is, in my opinion, fully as great as that obtainable 
by titration. This accuracy, coupled with convenience, 
speed, and the lack of need of keeping a standard solu- 
tion (this having been replaced by a standard graph) 
is beginning to cause a revolution in the biochemical 
laboratory. Henceforth, we can expect our biochem- 
istry students to hand in more analytical results than 
they formerly did and to obtain more accurate values. 
Then too, we shall worry less about damage caused by 
spilling solution. 


Some men have thousands of reasons why they can’t do something they want to, 
when all they need is one reason why they can.—Willis R. Whitney 
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Gay-Lussac’s Law of Combining Volumes 


A Laboratory Experiment in Elementary Chemistry 


THOMAS H. HAZLEHURST and R. D. BILLINGER 
Lehigh University, Bethlehem, Pennsylvania 


LEMENTARY experiments involving the pro- 

duction, collection, and measurement of gases are 
usually those in which a specific element or compound 
(Hz, O2, NH3, HCI, etc.) is prepared by a suitable reac- 
tion and collected by displacement of water or air. 
Quantitative experiments involving the measurement of 
gas volumes are usually limited to (1) ‘‘the combining 
weight of a metal,’’ in which the H; evolved by reaction 
of acid with a weighed quantity of metal is measured, 
and (2) “the molecular weight of oxygen,” in which a 
measured volume of O2 evolved is related to the loss in 
weight of a sample of KCIO3;. The ‘experiment de- 
scribed here involves no weighing, but is quasi-quanti- 
tative and therefore of special interest to students who 
have had elementary chemistry in high school and who 
find the usual routine of freshman experiments repeti- 
tious and boring. 

Gay-Lussac’s Law of Combining Volumes is com- 
monly introduced into elementary chemistry in con- 
nection with Avogadro’s Hypothesis in a demonstration 
that the molecules of He, Cle, Nag, etc., are diatomic. 
There are ‘scores of reactions which might be used to 
test the validity of the law, but most of them involve 
techniques which are inappropriate to the elementary 
laboratory, e. g., collection of water-soluble gases over 
mercury, high temperatures or good catalysts to obtain 
reaction at a reasonable rate, or the production of 
explosions. There is, however, one reaction which is 
eminently suitable for elementary laboratories: 


This reaction takes place quite rapidly at room tem- 
perature. It involvés the collection and measurement of 
two gases nearly insoluble in water. It goes practically 
to completion, and the product of reaction is very sol- 
uble in water. 

In order to avoid excessive errors it is necessary to 
prepare the gases in a wet way in the complete absence 
of air. For this purpose a 7-inch pyrex test tube, fitted 
with a 2-hole no. 3 stopper bearing the usual S-shaped 
delivery tube and a special safety tube as shown in Fig- 
ure 1 is prepared. The test tube is filled with the liquid 
reagent, and the insertion of the stopper forces out some 
of this liquid into the delivery and safety tubes, so that 
no air remains in the test tube. 

Oxygen is conveniently prepared by filling the test 
tube with 80 per cent H,O, and warming, which gives a 
rather slow but steady evolution of O2, or, more‘rapidly, 
by adding a few crystals of KMnQ, to the H,O: just 
before the stopper is inserted. This causes vigorous 
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reaction immediately. As the reaction slows down, 
gentle warming may be used to hasten it. 
































URE 1.—PRODUCTION AND COLLECTION OF O2 oR NO 
7” Pyrex test tube in which reaction occurs 

safety tube 

outlet tube 

100-ml. beaker used to collect gas 

bottle of water to act as sinker for the beaker 
water level in collecting trough 
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Nitric oxide is produced by adding Cu pellets to 
HNO; (2 parts conc. HNOs, 1 part HO) and inserting 
the stopper in the brimful test tube as before. The re- 
action in this case starts slowly and there is ample time 
to insert the stopper and wash off the outside of the tube 
in case any of the acid, instead of going out the outlet 
tube, may have spilled alongside the stopper. Here, too, 
gentle warming will hasten the production of gas 

The gases are collected separately in two or more 100- 



































§12 JOURNAL OF CHEMICAL EDUCATION 
TABLE 1 
DatTA SHEET AND TyPICAL RESULTS! 
Initial Mixture Residue Decrease in Vol. - | 
rvror 
Run Gas Approx. True Total Gas Vol. Expil. Theor. (Theor.—Expil.) 
vol. . vol. vol. 
A O: 20 20.8 - 42.8 Oz ps Oe 31.7 33.0 +1.3 
No 20 22.0 
B Oz 50 49.5 101.6 Oz 23.2 78.4 78.2 -—0.2 
NO 50 52.1 
Cc O2 20 18.0 80.0 NO 29.0 51.0 54.0 +3.0 
NO 60 62.0 
D Air 50 50.0 100.0 N: + NO 71.0 29.0 30.0 +1.0 
NO 50 50.0 
































1 Data sheet as handed.-to student set in bold-face type. 


ml. beakers, which are used in place of the more usual 
jars because it is easier to pour gas out of them. The 
beakers are filled with gas and kept in the water trough 
as reservoirs. Beakers of water serve as weights to 
hold these light beakers down. 

A volume of about 20 ml. of Op, obtained by pouring 
some of the gas upward into a water-filled, inverted 25- 
ml. graduate, is measured to the nearest 0.1 ml. The 
gas may be poured with less danger of spillage if a small 
funnel (say, a buret funnel) is used to guide it into the 
small mouth of the graduate. The gas is then trans- 
ferred to a ‘‘reaction beaker’ by the same technique 
of pouring upward under water. Similarly, a 20-ml. 
sample of NO is measured to the nearest 0.1 ml. and 
poured into the reaction beaker. The mixture turns 
brown at once and, in the course of a few seconds, the 
brown NO: dissolves in the water. Agitation of the re- 
action beaker accelerates this process. The residual 
gas is now poured back into the graduate and measured. 
The student is required to recognize whether the resi- 
dual gas is O2 or NO by simply noting whether or not it 
turns brown when exposed to air. The results of the 
three measurements are recorded in the proper places in 
a form like Table 1, and the indicated calculations made. 

The same procedure is followed, using other mixtures 
as indicated in Table 1, one of these being a mixture 
with an excess of NO rather than of Oe, and another us- 
ing air in place of O2. To measure the larger volumes, 
a 100-ml. graduate is used. , 

In Table 1 the numbers in heavy type are those which 
are on the sheet as handed to the student. The others 
indicate typical results as filled in by students. These 
seem to show that the experiment is reasonably precise 


Student results set in light type. 


considering the crudeness of the equipment used and the 
inexperience of the operators. It has been our experi- 
ence that the volume of residual gas is almost invariably 
too high rather than too low, which would seem to indi- 
cate the presence of an appreciable quantity of inert, 
water-insoluble gas in either the O, or the NO. It may 
be that a side reaction between Cu and HNO; produces 
a little Ne. Also, when NO is in excess, it is not impos- 
sible that the reaction 3NO, + H:O — 2HNO; + NO 
may occur to a limited extent, thus returning some NO 
to the gas phase. 

The precision of the experiment is governed by the 
following factors. 


1. Contamination of gases by air. Completely avoided except 
for what small quantities may be dissolved in the liquid reagents 
used. 

2. Contamination of gases by side reactions. The only plaus- 
ible possibility is the production of Ne by a side reaction between 
Cu and HNO,, discussed above. 

8. Errors caused by variation of temperature during the ex- 
periment. Negligible in comparison with no. 6 below. 

4. Errors caused by fluctuation of barometric pressure. 
Negligible. 

5. Errors caused by unequal water levels inside and outside 
of the graduate. Negligible, but may profitably be corrected for 
as a student exercise if desired. 

6. Limitations of the graduates. The 25-ml. graduate is 
graduated to 0.5 ml. and may be estimated to 0.1 ml. The 100- 
ml. graduate is graduated to 1.0 ml. and may be estimated to 0.2 
ml. This would seem to imply an uncertainty of less than 1 per 
cent in the volumes to be measured. However, the graduates 
have been calibrated to read liquid volumes with the meniscus 
convex toward the base, whereas here they are being used with 
the meniscus convex toward the mouth. Moreover, they are by 
no means precision instruments even when used as intended. 
Undoubtedly the error here may amount to 2 to 4 per cent, de- 
pending upon the particular graduate and the particular student. 


*‘Even if you are on the right track, you will get run over if you just sit there.”’ 


—The Journeyman Baker 


A college education never hurt anyone who was willing to learn something after- 
wards, 4 
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IT IS said that every important weapon used by our armed 
forces requires'the diamond in its manufacture. 
the exigencies of war, the diamond has become an industrial 
necessity. And there is no reason to believe that this develop- 
ment will not continue. The change which has come about will, 
it is felt, furnish a sounder foundation for diamond mining than 
the industry has heretofore enjoyed except in the production of 
gem stones. 

In the future the industrial diamond will be regarded as a 
normal part of the equipment of any modern engineering, in- 
dustrial, or mining enterprise. As one unmistakable evidence of 
this, the industrial diamond has been stripped of its mantle of 
preciousness and is now sold in large quantities by the kilogram 
instead of by the carat. 

The importance of the diamond in industry will best be seen 
in its relation to the product it helps to make. But, first, a 
word about the diamond itself. It is pure carbon in the natural 
crystalline form and is the hardest natural substance known. 
It is a nonconductor of electricity and will burn in oxygen if 
ignited at sufficiently high temperature. 

The diamond is usually found in the form of small stones, but 
only the most perfect specimens, colorless or tinted blue or yellow, 
are suitable for use as gem stones. The bulk of diamond produc- 
tion consists of stones that are dark, opaque, translucent, or 
flawed. These are the industrial diamonds upon which modern 
industry is so dependent. They were formerly merely a by- 
product of gem-stone mining—a fortunate circumstance in itself 
for had it not been for the large stocks of ‘“‘waste product’”’ built 
up over the centuries of mining diamonds for luxury uses, the 
demands of war could not have been met. 

There are three types of industrial diamonds: (1) Bort, a 
trade name for those stones too badly flawed or off-color to be 
used in jewelry; (2) carbonado or black diamond, a closely knit 
aggregate of excessively small diamond crystals; and (8) ballas, 
a globular mass of diamond crystals radiating from a common 
center. Each type is distinguished by certain characteristics— 
bort, for hardness and comparative cheapness; carbonado, for 
extreme toughness; and ballas, for hardness and toughness. 
Neither carbonado nor ballas exhibits the characteristic cleavage 
of bort. 

The major portion of the normal year’s production of diamond 
mining is made up of bort, which is a by-product of diamond 
mining in all producing countries. Carbonado comes from 
Bahia, Brazil, while ballas comes from Brazil, as well as certain 
of the other South American countries. 

World production. of all diamonds (gem and industrial) in 
1943 was only 8,191,360 carats, compared with 13,012,525 carats 
in 1940. Approximately four-fifths were industrial diamonds. 
Consumption of industrial diamonds, however, increased by leaps 
and bounds during this period to at least double production. As 
stated previously, it is fortunate that stocks accumulated 
through the years have been adequate. 

Based on 1944 consumption data, industrial applications of 
diamonds are divided as follows: Use in grinding wheels, 87 
per cent; as drilling material, 7 per cent; in diamond-set tools, 
5 per cent; stones for wire-drawing dies, 0.5 per cent; and 
miscellaneous uses, 0.5 per cent. 

Prewar consumption of industrial diamonds in the United 
States was about 1,250,000 carats annually, use increasing to 
some 10,000,000 carats in 1943. United States consumption is 
met by importation. Imports during the 5-year period 1939-43 
were as follows: 


IMPORTS OF INDUSTRIAL D1aMoNDsS INTO UNITED STATES 1939-43 


Year Weight Value Average 
(in carats) 

1939 3,568,730 $9,725,683 $2.73 

1940 3,809,071 11,026,563 ‘2.89 

1941 6,882,248 14,908,809 2.17 

1942 11,203,704 22,057,577 1.97 

1943 12,172,679 21,938,368 1.80 


Diamonds as Tools Speed Up Victory 
RUTH C. LESLIE 


Bureau of Foreign and Domestic Commerce, 


Thus, under © 


‘ashington, D. C. 


Core samples in rock drilling are taken by the use of diamond- 
set core drills. No other cutting medium is hard enough to 
penetrate effectively the thousands of feet necessary in this 
operation. At one time the only means of sinking boreholes in 
hard rock was by use of percussion and hammer drills. Bore 
dust thus accumulated gave very poor indication of the composi- 
tion and sequence of the strata. It was not until the middle of 
the 19th century that engineers took advantage of the intense 
hardness of the diamond for drilling operations. 

A boring crown set with diamonds and fixed at the end of a 
system of hollow rods is brought to bear on the rock with even 
pressure and revolved. The core thus obtained gives a very 
precise indication of the character of the strata, as well as their 
sequence and dip, besides affording the most excellent material 
for analysis. Formerly carbonado and ballas were used for this 
operation, but they are now largely superseded by bort, except 
for the very hard formations. 

Diamond core drills are used for driving boreholes to all 
depths, from 15 feet to several thousand. They are made in 
a large range of diameters, from 36 millimeters for ore prospecting 
up to 50 centimeters for large borings in coal mines and for oil 
wells. 

Diamond drills are also used in mining for blasthole work and 
like operations. Important uses are for making emergency bor- 
ings where a sudden inrush of water or gas is expected, for rapidly 
establishing ventilation, and for extinction of underground fires 
in mines. The diamond drill is of great value in locating suitable 
foundations for bridges and other large structures which must 
rest on rock bottom. 

Diamonds set in drill bits are extensively used in mining for 
base metals. Recent developments in high-speed light drills 
make the diamond an important factor in all types of drilling, 
including such widely divergent activities as the building of dams 
and the drilling of oil wells. 

Every concern working with metal finds the diamond indis- 
pensable in normal times as well as in times of war, especially 
when speed and precision are essential. Diamond-set tools are 
used in cutting-and machining metals and the turning of rough 
and fibrous materials in lathe work. The most general use of 
the diamond-set tool in industry is for truing and shaping 
abrasive wheels. They are essential in thetruing of wheels used 
to grind gun bores, pistons, valves, and crankshafts in scout 
cars, tanks, airplanes, submarines, and so on. 

There is an ever-increasing demand for shaped diamond tools 
for turning, threading, and truing of various rolls in paper mills 
and for accurately and rapidly working hard, fibrous substances, 
such as ebonite and vulcanite. The great advantage is that they 
will produce highly accurate work for long periods without re- 
grinding. 

Diamond-set saws, drills, and pointed instruments will cut 
stone, glass, and porcelain. Diamond saws are made in various 
patterns—circular (up to 10 feet in diameter); reciprocating 
(up to 25 feet in length); hand saws, and slitting saws. The 
cutting diamonds are mounted in detachable steel sockets in- 
serted at regular intervals along the saw. Incorporated in saws, 
fragmented diamond bort is used to manufacture quartz crystal 
oscillators for radio and radar. 

A new type of diamond-set dressing tool for thread grinding 
wheels has been announced which is said to have increased pro- 
duction 500 per cent and reduced production cost as much’as 75 
per cent. Diamond grinding wheels have made possible the un- 
precedented growth in cemented tungsten carbide tools, since the 
diamond is the only available material hard enough to grind 
tungsten carbide. Diamond grinding wheels are used also in the 
manufacture of shells and cartridge casings, in optical grinding, 
such as generating the curves on optical lenses, and for ceramics, 
such as spark plugs. 

The diamond is used by the dental surgeon in drilling teeth. 


(Continued on page 515) 











Literature References 
in Industrial and Engineering Chemistry 


for 1939 


TATISTICAL studies of the literature references in 
the Journal of the American Chemical Society have 
been made by Gross and Gross! and by Sheppard,? in 
the Recueil des travaux chimiques des Pays-Bas by 
Patterson,* and in the Journal of the Association of 
Official Agricultural Chemists by Croft.4 Such studies 
have been useful to librarians and others for indications 
as to which are the most consulted journals and for 
what length of time the articles in them continue to be 
in active use. 
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It has seemed of interest to make a similar study of a 


1 Science, 66, 385 (1927). 

2 J. Cue. Epuc., 12, 472 (1935). 
3 Rec. trav. chim., 59, 538 (1940). 

4 J. Cue. Epvc., 18, 315 (1941). 


AUSTIN M. PATTERSON 
Antioch College, Yellow Springs, Ohio 


TABLE 2 
Periodicals Citations 
United States 237° 1919 
Germany 78 443 
Great Britain 71 443 
France 24 94 
U.S.S.R. 24 71 
Japan 14 52 
Netherlands 7 29 
Italy 11 19 
Canada 4d 17 
India 6 13 
Austria 3 9 
Sweden 5 7 
Switzerland y 1 7 
China 3 5 
Eleven others 16 22 
Unidentified 8 9 
TABLE 3 
Year of 
Publication Articles Patents 
1939 75 13 
1938 360 42 
1937 354 59 
1936 334 63 
1935 225 35 
1934 193 21 
1933 210 24 
1932 165 21 
1931 141 11 
1930 128 12 
1929 124 a: kd 
1928 73 11 
1927 75 7 
1926 92 5 
1925 48 10 
1924 44 6 
1923 48 13 
1922 : 39 2 8 
1921 41 3 
1920 40 3 
1919 21 3 
1918 20 3 
1917 16 3 
1916 4 12 2 
1915 18 1 
1914 13 3 
1913 15 2 
1912 9 3 
1911 16 1l 
1901-10 77 24 
1891-1900 43 14 
1881-90 28 9 
1871-80 . 28 0 
1861-70 7 1 
1851-60 11 0 
1841-50 3 3 
1831-40 3 0 
1821-30 2 -0 
1810-20 : 2 0 


leading journal in the general field of chemical industry, 
and for this purpose Volume 31 of Industrial and Engi- 
neering Chemistry (Industrial Edition) was chosen. 
This volume appeared during 1939, the last year in 
which it was practically unaffected by the war. The 
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numbers of citations to the different periodicals is 
given in Table 1. Journals cited under two or more 
names (as Z. angew. Chem. and Angew. Chem.) are 
treated as one journal, but different names resulting 
from the division or union of journals have been re- 
garded as representing separate periodicals. In some 
cases all the papers and bulletins issued by the same 
Government agency (as the U. S. Bureau of Mines) 
have been treated as one periodical. 

There were in all 3159 citations from 512 periodicals 
in 16 languages. In addition there were 419 citations 
to books and pamphlets, 36 to theses, 27 to unpublished 
papers and addresses, 65 to personal communications; 
and 461 to patents, as follows: U.S. patents, 345; 
British, 64; German, 25; French, 22; all others, 5. 

In previous studies it has been found that the journal 
being examined cites itself oftener than it does any 
other journal. This is particularly true of Ind. Chem. 
Eng., possibly because it covers a wide field while the 
majority of the serials which it cites are special in 
nature. , This may also account for the very large num- 
ber of different serials cited. 

A striking fact brought out by Table 1 is the appear- 
ance in it, among the industrial publications, of many 
well-known journals devoted to pure science. This 
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seems to be an excellent illustration of the dependence 
of applied chemistry on nonindustrial research. 

A classification of the journals according to their 
fields shows: pure science, 142 (1032 citations or one- 
third of the whole); nonchemical engineering, 68 (271 
citations); general chemical industry, 46 (966 cita- 
tions); rubber, 15 (130 citations); fuels, 19 (97 cita- 
tions); water, sewage, and sanitation, 19 (92 citations); 
petroleum, 16 (85 citations); soils, fertilizers, etc., 30 
(67 citations); and smaller numbers for various other 
chemical industries. 

References to abstract journals are relatively few 
(e. g., Chem. Abstracts, 8; Chem. Zenitr.,5; Brit. Chem. 
Abstracts, 1). Apparently most authors assume that 
readers can look up the abstracts without this help. 

Table 2 shows the representation of different coun- 
tries by the numbers of their periodicals cited and num- 
bers of citations. 

Table 3 shows the relation between the age of articles 
and patents to the frequency of their citation. Accord- 


. ing to it, nearly half the citations were to articles and 


patents five years old or less, and two-thirds to those 
less than ten years old, but certain ones continue to be 
cited for along time. The oldest article referred to was 
published in 1810. 


DIAMONDS AS TOOLS SPEED UP VICTORY (Continued from page 513) 


It is also employed in fashioning the delicate bearings in watches 
and sensitive scales. The engineer’s drilling tool is tipped with 
diamonds set in silver. Many etching and engraving tools are 
diamond-tipped. Diamonds are also used in the atomizers of 
oil-burning furnaces, and in reproducing points for making master 
phonograph records. 

Diamonds are used in machining cylinders for printing cards; 
in regrooving burrstones in milling mustard; in grinding super- 
hard alloys of aluminum, nickel, and cobalt; in preparing en- 
graving tools for glass; for drilling and making nozzles for sand 
blasting; and to slit iridium-pointed nibs of fountain pens 0.007 
of an inch thick. There is a specialized tool employing the dia- 
mond to cut cores from concrete roads to ascertain the amount of 
wear they have undergone. 

Diamond powder—itself a by-product of other diamond uses— 
is employed for cutting diamonds and for various mechanical 
purposes. Graded diamond powder makes possible the manu- 
facture of lenses for bombsights, navigation instruments, cameras, 
and binoculars, as well as jewel bearings used in precision instru- 
ments. Diamond dust is used extensively in diamond laps for 
operations where extreme precision is to be attained. These 
laps are of soft steel charged with the diamond dust. 

Diamond points are elongated thin stones obtained in the 
natural state and cleaved, sawn, or polished. They are used for 
drilling glass, for graduating measuring and astronomical instru- 
ments, and for graving tools of different kinds. 

Glaziers’ diamonds are very small bort—as many as 80 to the 
carat—used in cutting glass, and are obtainable in a wide range of 
qualities. The splints which accumulate when diamonds are 
cleaved are used mainly by optical and glass works. 

A diamond die is a pierced diamond. All wire is drawn through 
adie. There is no adequate substitute for the diamond die in 
the production of superfine wires, those 0.0015 of an inch and 
smaller in diameter, which are required for radio and radar 
equipment, so essential in operating planes, tanks, ships, jeeps, 
guns, and other war matériel, and for many other types of 
scientific instruments. 

Constancy of diameter is absolutely essential for purposes of 





measuring electrical conductivity, strength constants, and other 
characteristics of instruments required by the armed forces. It 
is this constancy of diameter which can be supplied only by 
diamond dies. Great quantities of wire may be drawn through 
these dies without variation of diameter. . 

The United States formerly imported all of its finest-sized 
diamond dies and the major portion of its larger-sized dies. In 
1940, when these dies were no longer obtainable from abroad in 
sufficient quantities to meet the stepped-up demand, this country 
was faced with the necessity of creating an entire new industry. 
For although the diamond-die manufacturers of the United States 
were prepared to meet the demand for dies of larger dimensions 
there was not a single producer of the smaller dies in this country. 
However, American ingenuity, with the aid of a few skilled work- 
ers transplanted from Europe and the use of mass-production 
methods, has evolved in the few short war years a die-making 
industry fully capable of filling all our requirements for this 
vitally strategic product. 

Prior to the war, from 115 to 170 man;hours were required to 
make a die of the smaller sizes. United States die makers speeded 
up the process so that by early 1944 the over-all average time was 
reduced to about 25 man-hours per die. The electric drilling 
method developed at the Bureau of Standards requires from 4 to 
4!/. man-hours per die, and greatly reduces the production cost 
per die. An even greater reduction in time and cost may be 
possible when this development has become completely com- 
mercialized. 

Some idea of what these advancements in the art of diamond- 
die making have meant in the war effort may be gained by a 
glimpse at production figures of both die and wire manufacturers 
during the war period. 

Domestic production of dies of the strategic sizes—0.0015 of 
an inch and smaller—in 1943 approximately doubled that of 1942, 
and at all times during the war all requirements for fine wire 
have been ‘met. The amount of superfine wire drawn in 1944 
exceeded all previous levels, being 13 per cent above the 1943 
total and 85 per cent above 1942.—Reprinted from Domesiic 
Commerce (August, 1945). 








LETTERS 


To the Editor: 

The problem of determining the energy of an elec- 
tron in the lowest energy level of a spherical potential 
box and showing that it is lower than the energy of the 
lowest energy level of a cubical potential box of equal 


volume requires advanced quantum mechanics for ex- 


act solution. However, two approximate solutions can 
be obtained in the following ways. 

I. The energy, £, of an electron in a potential box 
with infinite potential barriers is given by the well- 


known equation 
m \* h? 
En = (%) 5 (1) 


where m = 1 in the problem considered, 2a is the dis- 
tance between the boundaries of the box, h is Planck’s 
constant; and y is the mass of the electron. 

This box has no “‘lid’’ on it or thickness, but if one 
assumes that it has a lid a distance 2a from the bottom 
and a thickness 2a, then it is a cubical box. If the box 
were truly such a cubical box the equation says that the 
energy is inversely proportional to the cross-sectional 
area of the box. By making the assumption that for a 
spherical box the energy is also inversely proportional 
to the cross-sectional area, the problem can be carried 
through. 

Let the area of the cross section of the sphere be 
as? and that of the box of equal volume be 4b? = 
4 (/6)*/* s?, where s is the radius of the sphere and b is 
the semiedge of the box. 

Replacing (1/2)? in equation (1) by the reciprocal 
of the cross-sectional areas of the sphere and the new 
cube, the lowest energy level of the sphere is 


Lb 


h2 
Eos sa 7S? Su — 0.0398 su 


and the lowest energy level of the cube is 


1 /6\*/s h? h? 
Rie = qa(*) Bu = 0.0481 ro 
The results show qualitatively that the lowest level 
for the sphere has a lower energy than the lowest level 
for the cubical box. These figures are in error by a fac- 
tor of about 3, the correct values being 


Ey, = 0.125 = 
S*u 
and 
h? 
su 
However, their ratio E,./E,, = 1.21 while the ratio of 
the correct value is 1.155. 
II. The energy, £, of an electron in the lowest en- 
ergy level of a cubical box is given by the exact equation 


En = (3)'-g-* (2) 


Eve = 0.144 


B 


where a is the length of an edge. 

Following the general procedure above by substitut- 
ing the reciprocal of the cross-sectional area of the 
sphere, ws®, and of the cross-sectional area of a cube of 


‘ equal volume (4%/3)*/*s?, for (1/a)? in equation’ (2), the 


approximate energy of the lowest level of the sphere is 


1 3. A h? 
Ev = . 3 : 3 = 0.119 
which is only 5 per cent low, and the exact energy of the 
lowest level of the cubical box is 
3\7%s 3 fh? h? 
Ex = (2) a) . Rati 
In this case, again 
Eve 
E. = 1.21 

These approximate solutions given may prove useful 
as problems in courses in elementary quantum me- 
chanics. 

They are based, in part, upon material from the 
following sources: RojaNnsky, V. B., “Introductory 
Quantum Mechanics,” Prentice-Hall, Inc., New York, 
1938, p. 452; DusHman, S., “Elements of Quantum 
Mechanics,” John Wiley and Sons, Inc., New York, 
1938, p. 55; and PAULING, L., AND E. B. WILSON, JR., 
“Introduction to Quantum Mechanics,” McGraw-Hill 
Book Company, Inc., New York, 1935, p. 95. 

Dan A. H. OLSON 


GENERAL PETROLEUM CORPORATION 
Los ANGELES, CALIFORNIA 


Pearls don’t last forever. Whole strings of pearls have crumbled into dust when 
removed from ancient tombs. Nowadays, rarely worn pearls are given frequent airings 


to preserve their lustre. 
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SEVENTH SUMMER CONFERENCE 


THE Seventh Summer Conference held August 9 to 
13 at the Massachusetts State College and attended by 
86 members and 49 guests was a great success. Every 
detail seems to have been carefully thought out by Dr. 
Suydam and his Committee, even to providing many 
months in advarce an atomic physicist to speak on 
nuclear reactions. Serving on the Conference Com- 
mittee with Dr. John R. Suydam were Coristance 
Bartholomew, Clifford K. Bosworth, Millard W. Bos- 
worth, Leallyn B. Clapp, E. Harold Coburn, Richard 
W. Fessenden, Rev. Bernard A. Fiekers, $.J., Donald C. 
Gregg, Carroll B. Gustafson, William S. Huber, Vernon 
K. Krieble, Lorne F. Lea, William F. Luder, Zelda J. 
Lurie, Eldin V. Lynn, Lucy W. Pickett, Walter S. 
Ritchie, and Theodore C. Sargent. 

During the Symposium on Chemical Equilibrium, 
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of the 


NEW ENGLAND ASSOCIATION 
of CHEMISTRY TEACHERS 





ATTENDANTS AT SEVENTH SUMMER CONFERENCE, MASSACHUSETTS STATE COLLEGE, AMHERST, MassaAcuuseTTts, AuGust 9-13, 1945 


Mr. Sargent reported the effective use in his classes of 
an analogy between the conditions existing in an 
equilibrium reaction and on a dante floor, comparing 
the loss of a volatile product to leaving the room, pre- 
cipitation to sitting down, and the formation of a non- 
ionizable substance to standing still. A later speaker 
added that the analogy might be carried further by 
pointing out the catalytic effect of ethyl alcohol. 

All seven summer conferences have been attended by 
Charles E. Dull, Mary B. Ford, Mr. and Mrs. Grover C. 
Greenwood, Mr. and Mrs. S. Walter Hoyt, Alfred R. 
Lincoln, Evelyn Murdock, Norris W. Rakestraw, 
Theodore C. Sargent, Elsie Scott, John R. Suydam, and 
Elbert C. Weaver. 


1945-46 SCHEDULE 


232nd meeting, October 27, 1945, St. Paul’s School, Concord, 
New Hamsphire 
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233rd meeting, December 8, 1945, vicinity of Boston 
234th meeting, February, Southern Division 

235th meeting, March, Western Division 

236th meeting, May, Central Division 


NEW MEMBERS 


Donald §S. Allen, Bates College, Lewiston, Maine 
Edna Fielding, Winthrop High School, Winthrop, Massachusetts 
Jane Hastings, General Electric Company, Pittsfield, Massa- 


chusetts 
Walter S. Lapp, Northeast High School, Philadelphia, Pennsyl- 


vania 
Walter S. Ritchie, Massachusetts State College, Ambherst, 


Massachusetts 
Reuben S. Shaw, Northeast High School, Philadelphia, Pennsyl- 


vania 
Harry Trimble, Harvard Medical School, Cambridge, Massa- 


chusetts 
Maurice Whitten, Wilton Academy, Wilton, Maine 


OFFICIAL BUSINESS 
At the meeting of the Executive Committe held at 


Amherst, Mass., on August 11, 1945, the following . 
- Columbia University, from which she graduated in 


report of the Treasurer was approved: 


De, TONE I sooo ef sk asians 5s} ale aieleielig + 6 « $1418.44 
Bixnenditures, 1IWGRHES........0:0 60:5 oi0 e060 080.0 oj 1224.63 
Malance, 100GEG: cos oad < dws noedee 860058 193.81 
Ratance froin. 1088-44...650oo6 ks vee ee cect es 710.19 

Total on hand, August 10, 1945............. $ 904.00 


Mr. J. Herbert Ward was elected to honorary mem- 
bership at the annual meeting on May 5, 1945. 


CLARA M. MCDONALD 
Members who attended the Fourth Summer Con- 
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ference of the N.E.A.C.T. at the University of New 
Hampshire will remember our very efficient conference 
treasurer, Miss Clara M. McDonald. It is with regret 
that the Necrology Committee reports her death, which 
occurred at Franklin Hospital, August 7, 1945. Funeral 
services were held in Brooklyn, New York. 

The cause of Miss McDonald’s tragic death was a 
fall from a horse when the animal bolted on Stanhope 
Road, Lake Mohawk, Sparta, New Jersey. The 
accident happened on August lst and Miss McDonald 
never regained consciousness, having suffered a double 
fracture of the skull. She had told a resident along the 
Stanhope Road that she had been having trouble with 
the horse she was riding, just before the animal bolted. 

Clara M. McDonald was born in England 37 years 
ago and was the only child of Mr. and Mrs. James 
McDonald of 1324 Woodlawn Road, Lake Mohawk, 
Sparta, New Jersey. She received her Bachelor of 


‘Science degree from Simmons College in 1930. She 


worked at Nassau Hospital, Minneola, Long Island, 
for two years before continuing her science studies at 


1933 with the degree of Master of Science. In the 
fall of 1933, Miss McDonald became instructor in 
chemistry at Spelman College, Atlanta, Georgia. 
Later, in 1937, she was science instructor at Nasson 
Institute, Springvale, Maine, where she remained until 
1942, when she began to teach at the Grier School, 
Birmingham, Pennsylvania. For the coming year, 
1945-46, she had been engaged to teach at the Centen- 
ary Junior College, Hackettstown. 
Miss McDonald is survived by her parents. 


S. WALTER Hoyt, Chairman, 
NECROLOGY COMMITTEE 


EDITOR’S OUTLOOK (Continued from page 469) 


until some unusually imaginative military minds de- 
veloped a “‘blitzkrieg’’ technique which made old ideas 
completely obsolete. The same thing can—and may— 
happen again. If we establish a system of military 
training limited to tactical conceptions of even the re- 
cent past it may prove as inadequate as a faith in con- 
crete and steel. 

One thing upon which we can all agree is that in the 
future we must have continuous, concentrated, and ex- 
pert attention to the problem of preparedness. Since 
we cannot foretell what the tactics of a future war will 
be, we cannot plan completely appropriate training for 
it. But there is one necessity about which there can be 
no doubt whatever—scientific and technical prepared- 
ness. And if our thinking about the general question of 
military training does not take this prominently into 
account we might as well do no thinking at all. 

Whether it is wise to demand one or two years of mili- 
tary training from young men at the most critical period 
of their lives is a question which will be debated and de- 


cided before long. Let us hope that in deciding it we 
do not judge the future entirely in the light of the past. 
In any event, if we forget that future wars will be highly 
scientific and technical and that we will not be prepared 
for them unless we recognize the urgent need for scien- 
tific and technical education, we had better make no 
plans whatever. It is in the years between 18 and 25 
that scientists are “born.”’ If we have no regard for 
our young men who show talent at that time you may 
be sure that other countries will have for theirs. If we 
can’t establish.a Selective Service that is selective we are 
lost. ' 

We pride ourselves that this is the land of oppor- 
tunity, and so it should be. But this does not imply 
that each one’s fate and future is the same as that of 
everyone else; in fact, quite the opposite. Opportunity 
implies the right of someone to grasp it and the moment 
he does he is marked among others. We must learn to 
discover ability and then to make the best use of it in 
the public service. 
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FRONTIERS IN CHEMISTRY, VOLUME III—ADVANCES IN NUCLEAR 
CHEMISTRY AND THEORETICAL ORGANIC CHEMISTRY. Edited 
by R. E. Burk, Plastics Department, E. I. du Pont de Némours 
and Company, and Oliver Grummitt, Department of Chemistry, 
Western Reserve University. Interscience Publishers, Inc., 
New York, 1945. ix + 165 pp. 37 figs. 7 tables. 15 X 23 
em. $3.50. 

This third in a series of books published under the auspices of 
Western Reserve University.deals with the ways in which modern 
physical concepts are aiding in the solution of problems in in- 
organic and organic chemistry. The material is presented on 
the same high level of scholarship as the previous volumes. 
Again the book is not intended as a text but will be useful to the 
teacher and research worker. 

The series of lectures includes the following: 

Albert S. Keston, “Isotopes and Their Application to Bio- 
chemistry.”” The technique of using radioactive elements as 
tracers in studying biochemical problems is related. 

Hugh S. Taylor, “Applications of Isotopes in Catalytic Reac- 
tions at Surfaces.”” Studies of reaction mechanisms in surface 
catalytic reactions have been greatly aided by using deuterium in 
various exchange reactions with hydrogen. An authority on 


catalysis has brought the subject up to date here. The use of 
other isotopes is included. 
H. R. Crane, ‘‘Techniques in Nuclear Physics.’’ This is a 


description of the apparatus (vacuum tubes, Van de Graaff 


generator, and cyclotron) needed and methods used to produce» 


particles for bombardments of atoms. 

Leslie G. S. Brooker, ‘‘Resonance and Organic Chemistry.” 
A brief résumé of the theory of resonance is given as well as its 
application in describing the directing influence of substituents 
in benzene, the acidity of compounds containing the OH group, 
and the reactivity of compounds containing the carbonyl group. 
But this longest chapter in the volume (about half the entire 
book) is devoted mainly to the application of the theory of 
resonance to the problem of color and constitution. 

W. H. Rodebush, ‘‘The Hydrogen Bond and Its Significance to 
Chemistry.’’ Evidence for the existence of this phenomenon 
from infrared spectroscopy and the properties of the hydrogen 
bond are discussed. 

LEALLYN B. CLapp 


BROwN UNIVERSITY 
PROVIDENCE, RHODE ISLAND 


EBULLIOMETRIC MEASUREMENTS. W. Swietoslawski, Professor in 
absentia of Physical Chemistry of the Institute of Technology, 
Warsaw; Fellow, Mellon Institute of Industrial Research. 
Reinhold Publishing Corporation, New York, 1945. xi + 
228 pp. 64 figs. 15.5 X 23.5cm. $4.00. 

The work of Professor Swietoslawski on ebulliometry has been 
made available through numerous papers, but especially through 
the 1936 English translation of his book of that title. ‘‘Ebullio- 
metric Measurements” is a thoroughgoing revision and marked 
expansion of the former work. All new material since 1936 has 
been woven in, and an entirely new chapter on critical phenomena 
added. 

The book contains 18 chapters. The first three deal with the 
apparatus and general techniques, and the comparative method 
which includes a thorough discussion of primary standards in 
ebulliometry. The rest, save one, deal with applications of the 
method. Among these may be listed the calibration of thermom- 
eters, measurement of pressure changes, the determination of 
the degree of purity of liquid substances, the study of azeotropy, 
the purification and analysis of liquids, the micro,and macro 
determination of water content, the micro determination of 
impurity in solids and of the adsorption of vapors by them, the 
study of thermal decomposition, the determination of the molec- 
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ular weight and the solubility of solids, the determination of 
equilibrium constants, and the examination of physicochemical 
standards. The chapter on “‘Boiling and Condensation Phenom- 
ena Observed under High Pressure’ is well done and most 
interesting, although its inclusion in this work seems somewhat 
illogical. The photographs of this chapter are unusually clear. 

This book is well written and very readable. The illustrations 
are good. The text is supplemented by 88 tables of data, many 
of them being of general interest. A novel feature is the lumping 
of the 85 literature references at the end of the book. Besides 
the usual- subject and author indexes there is an unusually de- 
tailed table of contents. The surprise shown, page 55, “that no 
negative heteroazeotropes have been found” is not entirely 
warranted. The hypothetical phase diagram of such a system 
points to the existence of two immiscible gaseous phases. Type, 
format, etc., are all very good. 

No serious worker in the fields mentioned can afford to be un- 
familiar with ebulliometric techniques eand possibilities. To 
all such this book is recommended without reservation. 

MALcoi”m M. HARING 


UNIVERSITY OF MARYLAND 
COLLEGE PARK, MARYLAND 


BACTERIOLOGY AND ALLIED Susjects. Louis Gershenfeld, Pro- 
fessor of Bacteriology and Hygiene and Director of the Bac- 
teriological Laboratories at the Philadelphia College of Phar- 
macy and Science in Philadelphia. Mack Publishing Com- 
pany, Easton, Pennsylvania, 1945. xxiii + 561 pp. 20 figs. 
17 X 25cm. $6.00. 

This book has evidently been developed by extending the 
author’s lecture notes on bacteriology and parasitology. In this 
sense it is peculiarly a product of Dr. Gershenfeld’s energy and 
interest. It falls midway between a combined elementary and 
intermediate text and a reference book. In the first role its 
organization is overambitious; it becomes too much of too little 
from the wide current fields of general and medical bacteriology, 
sanitary science, parasitology and pest control, immunology, 
and chemotherapy. Few teachers would wish to include all of 
these topics in a two-year bacteriology course, but many might 
desire a fuller development of the separate specialties. 

The book is much more valuable as a reference survey, or 
source finder, and for this purpose it should be particularly useful 
to biology and chemistry teachers who will want to use a variety 
of original materials from bacteriology and allied fields to vitalize 
their courses. The original journal sources are cited throughout 
the text; the more recent developments are treated extensively, 
but each major topic is developed historjcally. 

In attempting such a comprehensive work, Dr. Gershenfeld 
demonstrates the difficulties inherent in integrating the large 
amount of empirical information and numerous special systems 
that make up the field that is loosely called bacteriology. 

CHARLES E. RENN 


MASSACHUSETTS DEPARTMENT OF PuBLIC HEALTH 
CAMBRIDGE, MASSACHUSETTS 


TRATADO DE Quimica ORGANICA. Enrique V. Zappi, Professor of 
Organic Chemistry in the Universities of Buenos Aires and La 
Plata. First Edition. Volume II, Part II, xiv + 532 pp. 
15.5 & 23.5 cm. Volume II, Part III, xii + 522 pp. 15.5 X 
23.5 cm. Published by Libreria y Editorial ‘‘El Ateneo,’’ 
Buenos Aires, Argentina, 1942. 

Parts II and III complete the second volume, dedicated to the 
‘Cyclic Series’? of this extensive treatise on organic chemistry. 
The general characteristics and purpose of the work have already 
been indicated in THis JouRNAL in the reviews of Part I of 
Volume ITI [19, 98 (1942) ]and Part I of Volume I [21, 468 (1944) ]. 
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Volume II, Part II, has been divided into nine chapters dealing 
with aromatic alcohols, aldehydes, and ketones; acids; phenolic 
acids; tannins; derivatives of triphenylmethane; terpenes; 
polyterpenes and rubber; carotenoids; sterols; hormones and 
vitamins. Volume II, Part III, contains six chapters, the first 
four dedicated to heterocyclic compounds and the remaining two 
to the alkaloids. 

The author has not deviated in the two parts here reviewed 
from the aims indicated in Part I and there attained. Here is 
presented a large amount of subject matter. The author has 
given an advanced and up-to-date discussion of the topics listed 
above and has succeeded in making a book which is both informa- 
tive and didactic. The work is a very welcome contribution to 
the chemical literature of Spanish-speaking countries, and it will 
find an appropriate place in many chemical libraries. 

In the last 55 pages a very complete subject index is included, 
adding to the usefulness of the book. The typographical work is 
excellent. 

J. G6meEz-IBANEZ 


WESLEYAN UNIVERSITY 
MIDDLETOWN, CONNECTICUT 


THE ANALYSIS OF F oops. Andrew L. Winton, Sometime State and 
Federal Chemist, and Kate Barber Winton, Sometime State 
and Federal Microscopist. John Wiley and Sons, Inc., New 
York, 1945. xii+999pp. 208figs. 15.5 X 22cm. $12. 

For several years food chemists have known that a place was 
again available for a new and comprehensive book on the analysis 
of foods. Such a book should be neither another revision of 
Leach’s colossal book on that subject first published 40 years ago, 
nor an expansion of the methods of analysis of the Association of 
Official Agricultural Chemists. There have been many improve- 
ments and innovations in the methods of food analysis during the 
past 40 years. The discovery of new basic food adjuncts has 
necessarily led to the development of new methods of analysis. 
New physical methods, such as spectrography, spectropho- 
tometry, chromatography, and polarography have had a distinct 
bearing upon changes in and improvements of methods of analy- 
sis and also in the development of new methods suitable for rou- 
tine work. The difficulties involved in the production of a single 
volume upon the subject of food analysis appeared to be almost 
insurmountable and yet in this book, the Wintons seem to have 
achieved the impossible. The book is fresh, it is new, and even 
if it contains a few obsolete methods of analysis, it is up to date. 
If this volume had been published anonymously the identity of 
the senior author would necessarily have been discovered by 
reason of certain picturesque language here and there. For ex- 
ample, ‘‘As for the designation nitrogen-free extract, it is not so 
inappropriate as scientific jokers would have it.” ‘‘... but all 
attempts to purify crude fiber in chemical analysis have ended in 
failure because, first, no one knows what pure fiber is, as applied 
to food, and, second, because results on a more solid scientific 
basis would be of little more value than what chemists have been 
blunderingly reporting during a century.” 

A book of this sort is naturally a compilation, but the authors 
of the compilation are persons having had years of actual ex- 
perience in food analysis, consequently the book contains but few 
errors. The portion of the work devoted strictly to compila- 
tion, for the above reason, has been reduced to the irreducible 
minimum. 

The preparation of this work required an enormous amount of 
study and of research into the literature of the subject. It is to 
be expected that a former president of the A.O.A.C. would draw 
heavily from the methods of that Association, yet the book con- 
tains vastly more material secured elsewhere. For example, Part 
I, Chapter 8, ‘‘Ash,”’ divided into principal inorganic constituents 
and minor inorganic constituents, covers 78 pages and contains 
201 references to scientific publications. Of these references, only 
28 are to the A.O.A.C. methods or proceedings, and the balance 
covers references to 55 other publications. 

The chapter on vitamins covers 88 pages, with 249 references to 
the literature of this rapidly changing subject. It contains inter- 
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esting accounts of the chemical structure of these substances and 
spectrophotometric, chromatographic, and chemical methods of 
analysis. Bio-assays are not included. 

The chapters on colors are very short, as is also that on pre- 
servatives, yet both are sufficiently informative for normal pro- 
cedure in food inspection laboratories. 

The chapter on dairy products is excellent. The Baier and 
Neumann method for added sucrose in milk could have been 
omitted since it has been superseded by the far better and more 
accurate Rothenfusser test for that purpose. Both tests are fully 
described. One unfortunate error in authorship occurs on page 
758. The author of the method for detecting color in milk was 
Albert E. Leach. One other error occurs in the title of the table 
on page 717; it should be ‘‘Total Solids’’ rather than ‘‘Solids-not- 
Fat.” ‘i 

The chapter on Oils and Fats occupies 66 pages and is very 
complete. Among the omissions may be mentioned the determi- 
nation of squalene [Jour. A.O.A.C., XXVI, 499 (1948)] as an 
indication of the per cent of olive oil in mixed oils, and the Fitel- 
son tests for teaseed oil, the latter being among the official methods 
of the A.O.A.C. (p. 440, 1940 edition.) 

Although this review discusses the book from the standpoint of 
a food inspection chemist, yet its value as a volume relating to 
chemical education should not be neglected. The authors outline 
a short course in food analysis which could well be used to teach 
students in certain chemical and physical processes not generally 
studied in the usual courses in qualitative and quantitative analy- 
sis. Many chapters, such as that on the vitamins, are written 
almost as much from the educational as from the analytical 
angle. The historical development of certain methods, such as 
those for milk solids and for milk fat, are disclosed. 

The teacher can well use this volume for ideas to be used in 


' lectures, as well as for laboratory instruction. The young chemist 


interested in food chemistry should read and digest this book 
from cover to cover and thus learn certain phases of food compo- 
sition and analysis quite foreign to his routine work and not al- 
ways present in official methods. 

We “‘old timers’”’ can read this book in more or even in less 
detail and can learn much in our own relatively small field of 
work as well as in foreign fields. We can gather inspiration from 
it and, above all, we can appreciate and marvel at the colossal 
amount of work necessarily performed in producing this most ex- 
cellent volume. 

The book should be on the shelves of every food inspection 
library, in the home of every food inspection chemist, and in the 
hands of all chemists engaged in the manufacture of food prod- 
ucts. 

HERMANN C. LYTHGOE 


MASSACHUSETTS DEPARTMENT OF PuBLIC HEALTH 
Boston, MASSACHUSETTS 


THe AMAZING PETROLEUM INpDusTRY. V. A. Kalichevsky, Re- 
search and Development Laboratories, Socony-Vacuum Oil Co., 
Inc. Reinhold Publishing Corporation, New York, 1943. 234 
pp. 12.5 X 18.5cm. $2.25. 

This book provides a nontechnical résumé of the petroleum 

industry. , 


FUNDAMENTALS OF Macuines. - Charles E. Dull, Head of the 
Science Department in West Side High School, Newark, New 
Jersey, and Jra G. Newlin, Head of the Science Department in 
the Scarsdale, New York, High School. Henry Holt and Com- 
pany, Inc., New York, 1948. xvi + 547 pp. 368 figs. 13.5 X 
19.5cm. $1.32. 


. 


‘FUNDAMENTALS OF Exectricity. Charles E. Dull, Head of the 


Science Department in West Side High School, Newark, New 
Jersey, and Michael N. Idelson, Head of the Science Depart- 
ment in the Abraham Lincoln School, New York City. Henry 
Holt and Company, Inc., New York, 1948. xx + 456 pp. 370 
figs. 13.5 X 19.5cm. $1.20. 














Philippus Aureolus Theophrastus Paracelsus 
Bombastus von Hohenheim (1493-1541) 


This is a hitherto unpublished portrait now reproduced by the 
kind permission of Maloney and Merwin, Private Art Agents, 
New York City. Although the attribution of this picture is not 
yet certain, Henry L. Maloney has expressed the opinion that 
it was probably painted between 1523 and 1528, at which time 
Paracelsus had commenced to grow bald but still retained the 
beard which he later removed. It wasat about this time, while he 
was professor of medicine and surgery at Basel (June, 1527, to 
June, 1528), that Paracelsus made many marvelous cures by 
means‘ of his lJaudanum, little dark pellets of gum opium rolled 
between the fingers, which he carried in the pommel of his sword— 
no doubt the pommel shown in this picture. Azot is one of the 
names. by which the alchemists designated the Philosopher’s 
Stone, the Quintessence, and the Universal Medicine. 
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e DURABLE CONSTRUCTION 


e@ READINGS ARE ALWAYS SHARP, BRIGHT AND CLEAR 
e@ IMPERVIOUS TO CORROSIVE FUMES 


DISTINCTIVE FEATURES 


Stainless Steel 


The beam and all exposed parts are of stainless steel, which 
is practically noncorrodible by laboratory fumes. In fact 
these stainless steel parts have been placed in the following 
solutions for one month: Ammonium Hydroxide, Chromic 
Acid, Formaldehyde, Hydrogen Sulphide, Sodium Hypo- 
sulphite, Nitric Acid, Sodium Chloride, Molten Sulphur, 
and Sulphuric Acid, and at the end of that period showed a 
total penetration of less than .0003” for any solution. This 
resistance of stainless steel insures for many years bright, 
clear, easily read scales, while the old designs with ferrous 
or nickel beams become unreadable in a comparatively 
short while. This exclusive advantage in the Welch balance 
will be appreciated by all laboratory directors. Because of 
the use of Stainless Steel, it is possible to have fine, sharp 
lines, which are easily read. Every tiny screw, rivet or nut, 
in this balance is of stainless steel. 


Beam Arrest 


A beam arrest button is at the left end of the base thus 
providing for rapid, accurate weighing. This feature is 


particularly valuable, for the novice may learn on this com- 
paratively rough-weighing scale that the damping device 
should be handled gently so as not to throw the beam and 
increase rather than decrease the oscillations. 


Covered Bearings 


The stainless steel cover is provided so that no materials can 
fall into the agate bearings which support the Cobalite 
knife edges. This feature will be particularly appreciated in 
the chemistry laboratory where so often balances of this 
type are ruined, and particularly those with ferrous knife- 
edges or bearings, by some of the salts falling on the knife- 
edges and into the bearings. 


Cobalite Knife-Edges 


The knife-edges are hard, corrosion-resistant Cobalite, a 
cobalt-chromium-tungsten alloy. Heretofore these were 
only found in “extra-cost,” high-grade analytical balances. 
In industrial applications the remarkable performance of 
this hard, corrosion-resistant material is well known. 
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ie THE midst of a gigantic reconstruction period 
every human institution is looking to its roots and 
trying to re-evaluate its objectives. Among others, our 
| higher educational institutions are faced with problems 
which involve their basic responsibilities to society. 
These problems are especially complicated by the prob- 
ability of greatly enlarged student bodies as a result of 
the return of many men from the services. There is 
no doubt but that colleges will stretch their policies 
and their standards to the utmost in order to offer as 
great an opportunity as possible to these men. But 
some difficult questions will appear. 

We are coming dangerously near to an affirmative 
answer to the question whether the world owes every 
man a living. Apparently the slogan, “Sixty Million 
Jobs,’’ does not merely mean that every man has the 
right to a job, but rather the right to the kind of a job 
which is strictly to his liking. Boy, that’s the kind of a 
world for which we fought! 

And now the demand pops up that every boy should 
have the right to a college education. In a recent edi- 
torial in the Boston Globe, which discussed a ‘“‘deficiency”’ 
in our higher educational system, appeared the follow- 


ing: 


. . . It is the man overboard—millions of him—the loss at 
adolescence or in young manhood from our educational system of 
the less articulate, the less nimble-witted, the less discernibly 
gifted, the later-blooming variety of American youth. 

This type is the norm. He is clever with his hands, manly, 
self-reliant, resourceful, looks the world in the eye, can turn his 
handcraft to a hundred uses. He may, but often does not, take 
tobooks. Yet at 30 or 35 he is a substantial citizen, is in fact the 
vast majority of our electorate, depends mostly on newspapers 
and the periodical press for his information, and needs the equip- 
ment of formal education as an instrument with which to grasp 
life with understanding and turn his experience to account. 
Whoever knows this type well, and knows it by the hundred or 
by the thousand, prizes its human worth higher than that of a 
largish block in the so-called educated classes who utilize their 
advantages mainly for personal ends. This type of the sturdy, 
resourceful, independent American boy is, in short, the GI who 
is winning this war for us. 

He is needed in our colleges. Let him enter in as large numbers 
as the colleges can adequately train, as fast and as far as he can 
qualify scholastically, and this under tests open to public scrutiny 
which shall protect him from technicalities designed to shield the 
institution at the expense of the boy. 


This is not the mere suggestion that the common man 
should be given the opportunity to go to college—he 
has always had that opportunity. But more than that, 
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the college should lower its level to that of dull medi- 
ocrity, in order that everyone can come in. 

In contrast to this was the recent commencement ad- 
dress of Mr. Herbert Hoover at Wilson College, in which 
he entered a strong plea for ‘‘the uncommon man,” 
pointing out that the future intellectual—and material 
—superiority of the country depends upon the discovery 
and development of genius, or at least of intellectual 
ability out of the ordinary. Sure, we fought for democ- 
racy, but any conception of it which does not recognize 
individual differences—and make use of ‘them—is 
foredoomed to failure. 

We can have boundless sympathy for the desire to 
spread knowledge over a much wider area and to bring 
into the field of higher education many who have never 
climbed that far before. But this is a far different 
proposition from cutting down the “height” of educa- 
tion to permit the less sure-of-foot to scale it. If we need 
merely to educate more people, let us expand our edu- 
cational system in the middle and not try to jam more 
into the top. Unless the college or university is main- 
tained as an educational ideal to which to aspire, the 
spark of mental genius in our youthful generation will 
never be fanned into flame, and society will be the loser. 

The college or university is usually thought to have 
two prime objectives: to carry out the educational proc- 
ess on its students, and to increase the sum of human 
knowledge. But there are other, less obvious by- 
products. One service which a college renders is gen- 
erally overlooked because it is so intangible and unmeas- 
urable. The college is a focus for the intellectual aspira- 
tions of the whole community, both young and old. Just 
as a beautiful cathedral with its towering spires is a 
guiding spiritual influence—even if unacknowledged— 
upon those who see it daily, so a college by its quiet 
presence can be an intellectual inspiration to many 
more than its own students. There is no way of tell- 
ing how many young people in Collegetown have 
been spurred to effort and ambition because of the im- 
mediate presence of a first-rate educational institution 
which dignifies the things of the mind; no one knows 
how many of the parents and older people have a 
greater respect for education and the liberal arts merely 
because they breathe in the atmosphere of that kind 
of culture. We are susceptible to a greater extent than 

we think to the action of such unconscious stimuli. 
Anyway, it’s an angle! 
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Modern Military High Explosives 


WILLIAM H. RINKENBACH and L. F. AUDRIETH 


Picatinny Arsenal, Dover, New Jersey 


FTER approximately six years of war it is now 
possible to recognize the basic changes which 
have taken place in the field of military high explosives 
since World War I and particularly during the present 
conflict. World War I was fought with only a few 
standard high explosives together with some inferior 
substitutes for these which were used because of ma- 
terial shortages. This paucity of explosives permitted 
but little choice and no special application for specific 
purposes. Today the field has been so enlarged with 
respect to types as well as numbers of available ex- 
plosives, and the range and specificity of their applica- 
tion, that a new era must be recognized and evaluated. 
High explosives may be defined as explosives which 
undergo detonation, as contrasted with the rapid auto- 
combustion of black and smokeless powders. They 
include: 

(a) initiators, or explosives which are so sensitive as 
to undergo detonation when subjected to impact, 
friction, or flame. They are so called because they can 
initiate the detonation of 

(6) bursting charge explosives, which are relatively 
insensitive to impact, friction, and flame. 

Initiators are used alone and in primer compositions 
which are physical mixtures containing in addition 
certain nonexplosive materials. Bursting charge ex- 
plosives are used alone, in mixtures with one another, 
and in such order as to insure an increase in the detonat- 
ing impulse. This leads to the inclusion in ammunition of 
the “high explosive train’’ in which detonation is propa- 
gated from the most sensitive, least powerful initia- 
tor to the least sensitive, most powerful bursting charge 
explosive. 


Bursting 


Priming ‘ 
charge 


21. —» Initiator —-> Booster > 
composition ; asad 


At the time of World War I mercury fulminate was 
the only initiator in extensive use and almost all prim- 
ing compositions were based on it. TNT (trinitro- 
toluene) in pressed form was used as a booster, and 
TNT, ammonium picrate, picric acid, Amatol (TNT- 
ammonium nitrate mixtures) were the only bursting 
charge explosives. Shell, mines, and grenades were 
used for general demolition purposes and were loaded 
with whatever explosives were available; ammonium 
picrate was reserved for armor-piercing shell because of 
its insensitivity. Amatol was developed and used 
primarily in order to conserve the limited supply of 
TNT. 

The fact that so limited a number of high explosives 
was used is due to the stringent standards established 
for military high explosives. Only a few of the many 


explosives studied have been found suitable for military 
use. Primarily, a high explosive must be entirely satis- 
factory with respect to: 

(a) sensitivity—susceptibility to shock and friction, 

(b) stability—resistance to decomposition or physical 
change during storage, and 

(c) brisance—shattering power. 

Secondarily, it is desirable that an explosive be non- 
hygroscopic, neutral in chemical reactivity, non-volatile, 
non-toxic, and of high density. The practicability of 
producing the explosive on a large scale from available 
raw materials at reasonable cost is another important 
consideration. Failure of the explosive to meet the 
secondary requirements limits and perhaps prevents its 
standardization! and use. The nonfeasibility of manu- 
facture on a large scale frequently is the determining 
factor for explosives which otherwise are entirely satis- 
factory. However, in some cases only the inordinate 
demands incident to war or new technological advances 
have been required to render explosives suitable for 
standardization. 

Since World War I a number of new high explosives 
have been developed, and at the same time it was found 
that these can be used much more specifically. During 
the World War but few bombs were used and these 
haphazardly; the use of explosives to penetrate armor 
and fortifications was unknown; and the incendiary 
value of explosives was not utilized. Today explosives 
are applied so as to obtain the following specific effects 
against different types of targets. 

Demolition. Brisance or shattering by fragmentation 
of explosive components such as shell, grenades, bombs, 
and mines. 

Blast effect or destruction by impact of a shock wave 
produced by the explosive in bombs or mines. 

Penetration. The production of narrow but deep 
holes in or through armor or concrete. This is accom- 
plished by the shaping of the explosive charge in shell 
or grenades, thereby utilizing the Monroe effect. 

Incendiary. An added effect of demolition explosives 
obtained by formulation of the explosive or use of 
special metals for the component. 

The practicability of applying explosives so speci- 
fically for the above effects has had much to do with 
the recent development and standardization of ex- 





1 The term “‘standardization” of an explosive implies that such 
a material meets all important requirements with respect to 
sensitivity, stability, brisance, and functioning characteristics in 
ammunition and that it has been accepted for use wherever 
specified. Each standard explosive is covered by a carefully 
prepared specification which is designed to insure acceptance of a 
material free from objectionable impurities which would interfere 
with proper behavior of ammunition in which it is loaded when 
this is subjected to storage, handling, and functioning. 
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plosives. Some of the newer explosives which have been 
used in ammunition are described below. 


INITIATORS 


Lead azide, PbNe, has replaced almost entirely the 
mercury fulminate formerly used in detonators. Mer- 
cury fulminate was of less than a desirable order of 
stability, required the use of the semistrategic raw 
material mercury, and had to be manufactured in rela- 
tively small batches. Lead azide is of remarkable 
stability, involves no strategic raw material, and can be 
manufactured in larger batches. The problem of pro- 
ducing azide which is of uniform and controlled sensi- 
tivity has been solved by the addition of small percent- 
ages of agents which modify the crystal form. Lead 
azide is a more effective initiator than mercury ful- 
minate for the more sensitive explosives used in de- 
tonators and boosters and those detonated directly 
by the action of an initiator. 

Diazodinitrophenol has been less of a re- O—N 
placement than lead azide for mercury ful- | | 
minate, but has been used to some extent. 0,N/ \—N 
It is of acceptable stability, is not unduly 
sensitive to shock, and is more efficient than 
lead azide as an initiator of detonation; but 
its density when loaded under pressure is so 
much less than that of either lead azide or mercury 
fulminate that much less diazodinitrophenol can be 
loaded in a standard component. Diazodinitrophenol 
is unique among initiators in that its rate of detonation 
and brisance are so great as to be approximately equal 
to those of TNT. Other initiators have much lower 
rate and brisance values. 


NO: 


BURSTING CHARGE EXPLOSIVES 


PETN, pentaerythritol tetranitrate, C(CH:NOs),, 
has been developed since World War I from a labora- 
tory chemical to a material produced on a tonnage 
basis. It is the most brisant and sensitive of the 
bursting charge explosives used in ammunition, and 
has a high rate of detonation. While of acceptable 
stability, it is less stable than TNT, Cyclonite, or 
Tetryl. Because of its sensitivity to impact and fric- 
tion, it is loaded as such only in detonators, where only 
small quantities are involved. For use as a booster 
explosive, a bursting charge, or a plastic demolition 
explosive, it is desensitized by the addition of a wax or 
by admixture with TNT. 

Cyclonite, cyclotrimethylene tri- 


nitramine, also has undergone de- CH: 
velopment from a material produced o0,.nN.N N.NO, 
with difficulty on a small scale to one 

manufactured on a plant scale by new HiC CH: 
methods. It is almost as brisant and N. NO; 


sensitive as PETN, but is essentially 
as stable as TNT. It is used chiefly 
in bursting charge and plastic demolition explosives 
when desensitized by admixture with TNT, wax, or oily 
materials. It has also been used, in the same manner, 
as a booster explosive. 
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Tetryl, 2,4,6-trinitrophenylmethyl- 
nitramine, was developed originally 
for use as a booster explosive. While 
less stable, it is much more sensitive 
to initiation and has greater bris- No, 
ance than TNT. It is somewhat less 
sensitive to impact and friction than 
PETN and Cyclonite, and is used in detonators and 
boosters without the addition of a desensitizing agent. 
In mixture with TNT it is used in bursting charges for 
mines and other special components. 

Binary Explosives. In addition to the individual 
compounds which are explosives, there have been de- 
veloped binary explosives which consist of mixtures of 
these with TNT. PETN, Cyclonite, Tetryl, etc., all 
are more brisant than TNT, but have melting points 
considerably above the maximum temperature of 100°C 
practicable in melt- or cast-loading. The demands of 
modern warfare require that the loading of shell, bombs, 
and mines be on a mass-production scale. This has been 
met by the development of the mixtures mentioned 
above. The admixture of TNT also serves to overcome 
the undesirable sensitivity of PETN, Cyclonite, Tetryl, 
etc., since TNT is much less sensitive than these. The 
proportions of the TNT and other explosives are varied 
somewhat to meet the particular loading, tactical, and 
other requirements involved. The binary explosives 
are manufactured by melting TNT, adding the other 
explosive, mixing, and pouring the slurry into the shell, 
bomb, or mine. While partial solution and the forma- 
tion of a eutectic are involved to a greater or less ex- 
tent in most binary systems, the net effect is to sus- 
pend the particles of the more sensitive explosive in a 
magma of less sensitive TNT. The binary explosives 
so obtained are of acceptable sensitivity, have consider- 
ably greater brisance than TNT, and are only slightly 
less stable than the less stable ingredient. 

Explosives having marked blast effects are obtained 
by adding metallic aluminum to castable single-in- 
gredient or binary explosives. Such explosives also 
have distinct incendiary value, which can be increased 
by the utilization of bomb and grenade cases of mag- 
nesium-aluminum alloy. 

In addition to the foregoing there have been de- 
veloped a considerable number of single-ingredient and 
multi-component explosive compositions, the identities 
of which are confidential. 

The development of new explosives has been accom- 
panied by the development of improved methods of 
manufacturing these and older explosives. An example 
of this is found in the case of TNT. During World War 
I there was such a shortage of TNT in all the warring 
countries that it was diluted with other materials and 
inferior substitutes were used. This was due to the 
limited production of toluene in the coal-tar industry. 
The present production of toluene from petroleum has 
removed this limitation, and new developments in 
nitration and purification techniques have enabled plant 
units to produce approximately five times as much 
TNT per day as formerly. The vast production and 


N(CHs3) NO 
O.N NO, 
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startlingly reduced cost of TNT today makes it the 
‘universal solvent’”’ in the field of explosives. 

With the growing scale and complexity of the manu- 
facture and loading of military high explosives there 
has been a corresponding increase in the requirements 
to be met and the technology involved. Because of the 
extremes of climate under which they are used, loaded 
explosives must function at temperatures as low as 
—50°F., must not exude any partially melted charge at 
170°F., and must not be desensitized by extreme condi- 
tions of temperature and humidity. The elimination or 
control of impurities incident to meeting these require- 
ments, and the control of physical conditions required 
for maximum quality loading, have necessitated refine- 
ments which a few years ago were undreamed of but 
today constitute accepted and inexpensive routine. 

The present availability of new explosives of great 
brisance and enhanced blast effect, and the highly 
specific application of these, have resulted in a breaking 
of the stalemate between offense and defense which 
formerly was possible. Explosives are now used suc- 
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cessfully to destroy defenses which only recently were 
impregnable. As shown by the results of the recent war 
in Europe, offense can dispose of the best defense avail- 
able and the major problems of warfare with respect to 
explosives are logistic and strategic. 

This should not be interpreted as meaning that the 
ultimate developments in explosives have been achieved 
or that further developments are not needed. New 
needs are arising under the exigencies of warfare, and 
these must be met by new developments. New fields 
of the science of explosives are now envisioned, and re- 
search in these directions may bring developments even 
more startling than those of the past 25 years. 

The recent revelation of the development, use, and 
general nature of the atomic energy bomb provided a 
striking illustration of the successful utilization of new 
scientific concepts in the field of explosives. This culmi- 
nation of the scientific war effort, which astounded the 
world and probably saved untold lives, may well serve 
as a springboard for further advances in the arts of 
peace as well as the field of military explosives. 


Chromatographic Adsorption in Undergraduate 
Qualitative Analysis 


JOHN A. BISHOP 


Moravian College for Women, Bethlehem, Pennsylvania 


HE undergraduate course in qualitative analysis 
has become the framework within which is taught 

the elementary theory underlying analytical chemistry. 
It would seem, therefore, to be the ideal point at which 
to introduce chromatographic adsorption, a method of 
analysis which is becoming increasingly important. 
This is especially true since the method is at best semi- 
quantitative compared with the traditional methods 
taught in the course in quantitative analysis. While 
most of the work in this field has been with organic 
compounds, it is possible to separate inorganic ions by 
adsorption methods. The use of the methods outlined 
here also leads to an extended idea of valence bonding 
for the students in classroom discussion. There are 
two authoritative books to which students may be re- 
ferred in which theory and practice are discussed (1, 2). 
The main problem in inorganic chromatography is to 
find adsorbents on which colors will be produced when 
ions are adsorbed. The alternative is to use an ad- 
sorbent which does not itself react with a ‘“‘developer”’ 
which will bring out distinctive colors in ions which 
have been adsorbed. The first case is discussed by 
Strain (1), referring to the work of Erlenmeyer and 





Dahn, using 8-hydroxyquinoline as an adsorbent. In 
this method the adsorbent acts as a base-exchanger. 
Both Strain (1) and Zechmeister and Cholnocky (2) 
discuss the use of activated alumina as an adsorbent ‘for 
ions, using developing solutions to bring out distinctive 
colors. 


THE USE OF 8-HYDROXYQUINOLINE IN SEPARATING Cut++ 
AND Cptt 


Preliminary experiments. Feigl (3) has given a 
method by which 8-hydroxyquinoline may be used in 
the detection of Cut*+. This test does not depend upon 
the use of the reagent asa precipitant. He says nothing 
about the use of this reagent for Cdt++. Yoe and 
Sarver (4) discuss the use of this reagent for a precipi- 
tant, and point out that it can be used for a wide variety 
of cations if the conditions are controlled. 

In the present method the characteristic pure green 
fluorescence of the Cd** salt of 8-hydroxyquinoline is 
made use of. Pringsheim and Vogel (5) mention the 
difference between this fluorescence and that produced 
by other ions forming fluorescent salts with this reagent. 
The copper salt does not fluoresce. 
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The preliminary experiments involve the determina- 
tion of the limiting amounts of Cut+ and Cd** which 
may be found using this reagent, that is made up by 
preparing a saturated solution of 8-hydroxyquinoline 
in 3 N acetic acid. Solutions of Cu++ and Cd*++ were 
made up, 0.008 M and 0.009 M respectively. These 
were tested with the reagent solution by diluting the 
salt solutions and adding one drop of the reagent solu- 
tion. It was found that the Cut* solutions still gave 
precipitates when the concentration was cut to 0.00008 
M, while the Cd** solutions did not give a precipitate 
in any dilution. Both the Cd** solutions and the 
Cut+ precipitates were tested for fluorescence using an 
argon glow lamp with a Wood’s filter. No fluorescence 
was shown by either solutions or precipitates. The 
acid in the Cd*+* solutions was neutralized in two ways: 
by adding NH; and with NHiC,H3;O, (3 NV). In both 
cases precipitates were formed which exhibited fluo- 
rescence down to a Cd+* concentration of 0.0003 M. 

A series of experiments designed to test the limita- 
tions of this method of identifying Cd** in the presence 
of Cut+ was next performed. In these, solutions of 
Cdt++ and Cut+ were made up in which the propor- 
tions of the respective two ions varied from 1:1 to 1:10. 
In each of these experiments the Cut+ was first pre- 
cipitated by adding 1 drop of the reagent to 3 ml. of the 
solution under test contained in a small centrifuge 
tube. The suspension was centrifuged and tested for 
fluorescence, with negative results. Then one drop of 
dilute NH; was added to the supernatant liquid with- 
out removing the precipitate, and the mixture was again 
tested for fluorescence. The test was positive in each 
case. In the experiment in which the Cd++/Cutt 
ratio was 1:10, the actual concentration of Cd++ was 
about 9 XK 107%. 

Adsorption experiments from solutions containing both 
Cut+ and Cd++, The adsorption experiments were 
performed on solutions of Cut+ and Cd** of the con- 
centrations usually found in qualitative analysis (6). 
The test solutions were made by mixing equal quantities 
of solutions of the two ions and then diluting 10 times 
and 100 times with distilled water. Columns of 8- 
hydroxyquinoline were prepared in */, inch I.D. glass 
tubing which had a slight constriction. Above the con- 
striction was a short length of glass tubing the next size 
smaller, with a piece of filter paper just above it, cut to 
fit with a cork borer. On the filter paper was put 
about one inch of the adsorbent, tapped down with a 
second filter disc above it. Two milliliters of the solu- 
tions were passed through the columns using a desk 
aspirator for suction. The Cu*++ was in every case re- 
moved as a greenish ring at the top of the column, there 
being no apparent change in the rest of the column. In 
the most concentrated solution the filtrate contained 
enough Cd*+ to give a strong test with H,S. The 

solution diluted 10 times gave a slight test with H,S, 
while the most dilute solution gave a poor test. This 
was using only two milliliters of solution. In all cases 
the columns gave a pronounced fluorescence below the 
top ring containing the insoluble copper compound. 
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Use of the method in systematic analysis. In the sys- 
tematic analysis of mixtures in most procedures, Cut+ 
and Cd** are found in an ammoniacal filtrate from the 
separation of Bit*++. It is difficult to stop the neutral- 
ization at the point of exact neutrality, and the solution 
usually ends up acidic. The result is that some of the 
adsorbent dissolves, making an irregular column. A 
longer column may be used, or a little 8-hydroxyquino- 
line solid added to the solution before passing it through 
the column. The use of an ammoniacal solution was 
tried, with the realization that both Cut++ and Cdtt 
would precipitate completely. The results were satis- 
factory so far as the identification of Cd+* in the pres- 
ence of Cut++ was concerned. The Cut+* was distrib- 
uted more or less throughout the column, predominating 
at the top. With Cd*+ present the column fluoresced, 
while in the absence of Cd*+* there was no fluorescence. 


THE SEPARATION OF SB+t++ AND SN++ BY ADSORPTION 
ON ALUMINA 


In order to illustrate chromatographic adsorption in 
which no base-exchange has occurred, the separation 
of Sb+++ and Sn+* by adsorption on activated alumina 
was used. The alumina used was Baker’s Activated 
Alumina, and it was ground to a powder before being 
put into the adsorption tubes, which were prepared as 
for the 8-hydroxyquinoline adsorptions. There is a 
danger that the tubes may be packed too tightly. The 
acid solution obtained after boiling off the H.S from 
the mixture of SbCl; and SnCl in Group IIB is 
reduced with a small amount of metallic Mg and 
neutralized with NH; until a precipitate just ap- 
pears. This is dissolved with a minimum of HCl. 
Samples may be diluted 10 and 100 times as above, just 
enough HCI being used to prevent a precipitate from 
forming. 

The solutions were drawn through the adsorption 
column, two milliliters being used. The filtrates were 
tested with H.S, and a saturated solution of HeS was 
drawn through the columns. The filtrates from the 
two more concentrated solutions gave a good chocolate- 
brown precipitate of SnS. The solution diluted 100 
times gave no test for Sn in the filtrate. All the col- 
umns gave a more or less irregular chromatogram with 
HS water, in which the orange colored Sb2S; appeared 
at the top, and the chocolate SnS at the bottom. 
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Chemistry in War 


FRITZ HABER 


(A lecture before the officers of the ‘‘Reichswehrministerium’”’ on November 11, 1920) 


Editor's Note: The many circumstances surrounding the occupation of Ger- 
many and the problems before us in the administration of its internal affairs by 
representatives of the United Nations will make the following article of more than 
mere historic interest. The remarks of Dr. Fritz Haber before a group of German 
officers just two years after the close of World War I illuminate some of the habits of 
thought of German minds, both military and civilian. Dr. Haber speaks as a civilian 
who, while respectful toward the members of the military clicque, ts not bound by the 


narrowness of their professional outlook. 


While we will not altogether agree with 


his remarks and conclusions, still they will be an interesting standpoint from which 
to view the wreckage of World War II—for which he, 25 years ago, apparently did 


not expect to make preparations. 


HIS lecture will be the first of a series dealing with 

the relation between the circle of military officers 
and the members of the scientific and technical pro- 
fessions. Since this relation is especially important in 
chemical warfare, the field of chemistry receives first 
place. 

War presents itself differently, depending upon our 
mental outlook. For the politician it is a continuation 
of politics with other means; for the general it is the 
art of bringing his troops to the right place at the right 
time in the necessary numbers. For the technologist 
it is a means of destroying the enemy or driving him out 
of his position with technical materials, which the 
soldier uses. The thought of Count Schlieffen, clearly 
expressed in the writings of this extraordinary man, 
agrees with the second definition, that of troop com- 
mand. In this spirit the officer corps of our army was 
admirably educated. 

The natural scientific-technical comprehension, on 
the other hand, was left far behind, for an illuminating 
reason. Schlieffen pointed it out 11 years ago in his 
essay on war. In principle, there is a clear possibility 
of one side throwing into the scales of war a deciding 
weight in the form of technical development of arms. 
If Frederick the Great could have put into the field 
against his enemy of 1756 the artillery and machine 
guns of 1914 he could not have been conquered in seven 
years. But such differences in technology could not 
appear between crowded European peoples because of 
the armament race, the common effort for the utiliza- 
tion of technical developments for national defense. 
Hence, the deciding factor had to remain the command 
of troops and not the art and number of weapons. 
Naturally, all technical questions in the conduct of 
war took second place. Every technical deficiency 
brought forth rebuke; adequate preparation and 





1 Translated from Haser, Fritz, ‘‘Fiinf Vortrage, aus den 
Jahren 1920-1923,” Verlag von Julius Springer, Berlin, 1924. 


manufacture brought forth commendation, but the 
center of gravity of the situation did not lie there. 

As illuminating as this distribution of the weight was, 
it nevertheless did not lead to entirely adequate prep- 
aration for war. Two essential deficiencies developed. 
On Schlieffen’s theory it is natural that the officer 
should take the same view of the procurement of 
weapons and war apparatus that the host at a banquet 
does with regard to the table utensils. Such a host de- 
cides what he has and what he needs and orders what 
he lacks from the store, ascertaining what the store has 
to offer, picking out what is best suited, and arranging 
for delivery. But he does not go behind the supplier, 
to find out if the glass factory can make the glass which 
must be on his table at the proper time, nor whether 
the silver and steel industries can deliver what is neces- 
sary if his knives and forks are to be ready on time. 
This situation is natural and never leads to trouble, 
since everything is supervised by the business world 
which is organized for the purpose. 

But with war preparations it is quite different. No 
one but the officer investigates, especially before the 
advent of war. Hence the army administration has the 
problem not only of ordering weapons and equipment 
but at the same time of making sure that the require- 
ments can be met by industry.: In this respect, we 
know, there appeared a gap. The intellect of the 
army, trained in the command of troops, lacked the 
technical imagination to appreciate the changing con- 
duct of war with its technical developments. Without 
this imagination, preparation followed historic lines. 
The measure of the needs, and the methods of fulfilling 
them, were taken from the experience of the past, in 
which the technical requirements were different. When 
reality forced a change of view, immense effort brought 
only one result, which remained far behind in back of a 
well-prepared performance of the nation. Examples, 
as far as they can be taken from chemistry, will be part 
of this lecture. 
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But something else also appeared. For 500 years, 
since firearms prevailed over the shield and sword, we 
have been learning how to increase the firing speed and 
the force and penetration of the flying steel pieces with 
which the enemy is fought. Finally a point was reached 
at which the conduct of war was practically revolu- 
tionized. These flying pieces of steel were very- effec- 
tive in the open field but were rather easily held back by 
earthen walls of moderate strength. This gave the de- 
fender a fundamental technical advantage over the 
attacker. The human body, with its two square meters 
of target area, could no longer reach a defended position 
without damage by the steel stream from machine guns 
and field artillery. The defender could not be put out 
of commission in his earthen dugout before the attack, 
since the flying pieces of steel did not reach him in 
sufficient quantity. It would have required mature 
scientific imagination to foresee this situation and to 
resort to the help made possible by technology. This 
solution is gas warfare. But we did not think of its 
possibilities before the war, only during it. It is a 
second field in which chemistry has accomplished only 
with immense effort that which could have easily been 
done if the means had been planned before the war. 

The lack of imagination was decisive in both cases. 
The insight which can foresee a situation outside the 
professional sphere cannot be. expected in everybody. 
It was too much to expect from the professional officer; 
but since it. was badly needed for war preparation and 
since no one was in a position to appreciate this more 
than the officer, there was just one thing necessary: 
cooperation between the officer, the scientist, and the 
technologist, so that the power of imagination and 
decision. of the latter two could benefit the military 
preparation. But this cooperation was lacking. In 
our land the general, the scientist, and the technical 
man lived under the same roof. They greeted each 
other on the steps. But there was no fruitful exchange 
of ideas between them before the war. What was the 
result? When the army leaders decided at the begin- 
ning of the war to strike in one blow with the full power 
of the army, and not piecemeal, the bodies of the people 
were trained and ready for it. But the intellectual 
power of the nation was not prepared, and hence the 
plan, which could have given us a decided advantage, 
was ruined. 

And now let me go over it in detail and discuss two 
phases of the situation in the field of chemistry in the 
war: first the difficulty of obtaining powder and ex- 
plosives, and then the problems of gas warfare. 

Powder and: explosives: These are three materials 
(if we refer only to the main representatives and forget 
about the substitutes which we finally had to use in 
large measure), namely, nitrocellulose, nitroglycerin, 
and nitrotoluol; the first two are propellants and the 
last an explosive material. 

Nitrocellulose: A compound derived from cotton 
and nitric acid, two raw materials which we did not have 
before the war from local production. Cotton does not 
grow in our climate; nitric acid was made only from 
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saltpeter, which we imported exclusively from Chile. 

Nitroglycerin: A compound of nitric acid and gly- 
cerin, which is contained in all animal and plant fats, 
which can be split by chemical means into fatty acids 
and glycerin. We have animal oils and fats in the 
country—pig fat, goose fat, mutton grease, butter, and 
several others. But Germany has never had enough of 
them, for it is at the height of its industrial development 
and its population has increased enormously. Fatty 
oils were the most important import. When limited to 
our own sources of fat our nutrition suffered, even 
though no food fats were withdrawn for chemical uses. 
When fat was used for the preparation of glycerin we 
starved twice as much. 

Let us finally discuss explosive materials. Regard- 
ing nitrotoluol, we first meet nitric acid again, whose 
source is in foreign lands; then toluol, the only one of 
these substances for which we have the raw materials, 
for toluol is found in small amounts in coal tar and is 
recovered from its low-boiling constituent by distilla- 
tion. But even here we were not ready technically at 
the beginning of the war, although conditions were 
relatively the best, since tlie source of the raw material 
was within the country. In peace times we had more 
toluol than we used; the result was that other uses for 
toluol outside the explosives industry were sought 
and found. It flowed into our motor fuel, which it 
made stable to low temperature. Consequently, in 
the first weeks of the war the motorized troops and the 
ordnance department were in strong opposition, for the 
ordnance department could not make sufficient explo- 
sives without toluol, which the motorized troops would 
not give up, since the stability of their fuel to cold was 
decidedly important in a fall campaign. The solution 
of this problem, which was the basis of the cooperation 
between army headquarters and the Kaiser Wilhelm 
Institute, of which I was the head, was not particularly 
difficult. 

The notation of Major Victor Lefebure, in his book 
“The Riddle of the Rhine,” page 35, that experiments 
with chemical war materials were made in my institute 
in August and September, 1914, is wholly false. The 
experiments referred to, during which Professor Sackur 
met with accidental death, were tnade in December, 
1914. 

Every drop of toluol suddenly became important, but 
the trouble was that the coal tar industry had not been 
organized to extract toluol completely from the low- 
boiling constituent of coal tar. The manufacturing 
process had to be changed under the pressure of war. 
However, toluol was always a minor difficulty. 

Regarding the other materials which I have named I 
would like to discuss cotton next. We had to havea sub- 
stitute for cotton, which we could no longer get, if we 
wanted to shoot at all. The substitute material was 
clearly indicated. The chemical substance of cotton 
was prevalent in the form of cellulose, only the physical 
quality was different. Although this physical differ- 
ence was sufficient to introduce different manufactur- 
ing processes for the nitrocellulose, still, as in the case 
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of toluol, this was of minor importance compared to the 
cases of glycerin and nitric acid. 

With glycerin and nitric acid the situation was ex- 
ceptionally serious. There appeared to be no possi- 
bility of a new technical method for the production of 
glycerin, which would free us from the necessity of 
splitting fat. The uncompromising alternative was to 
starve or to shoot. The most unexpected technical 
innovation of the war was the success of Dr. Connstein 
in controlling the fermentation of sugar with yeast so as 
to obtain glycerin and aldehyde instead of alcohol. 
The theory of this development was propounded inde- 
pendently and simultaneously by von Neuberg. 

While with glycerin there was still the possibility of 
helping out temporarily with fat hydrolysis until the 
new method was perfected, with nitric acid, on the other 
hand, everything was dependent upon the present 
supply of saltpeter in the country. If this was used 
up the war was ended, since we could not then make 
powder or explosives, or offer any substitutes. There 
appeared no possibility of bettering the situation with 
material aids or substitute materials. The Belgian 
saltpeter supply had so little effect upon the matter 
that in the fall of 1914 the absolute necessity of ending 
the war in the spring of 1915 was known to every ex- 
pert. The peculiarity in this case lay in the large 
measure of the need. The necessary amount was 
immensely greater than that of glycerin and the 
problem had to be solved within half a year. Luckily 
the solution was known to the experts; we had a 
method of nitrogen synthesis with a sufficient produc- 
tion capacity. This was the ammonia method. The 
conversion of ammonia to nitric acid on a small scale 
was a process known for two generations. Indeed, 
Wilhelm Ostwald, at the suggestion of Mr. Dutten- 
hofer, who had foreseen the possible dilemma many 
years previously, had perfected a technique for oxidiz- 
ing ammonia to nitric acid, and with his advice a small 
technical plant was erected at the Lothringen mine. 
The principal difficulty was to perfect this process in 
the short time from the fall of 1914 to the spring of 1915 
to the point at which it could yield sufficient quantities 
to meet the imperative need for munitions. It will 
always remain the pride of the chemical industry that 
it proved itself equal to this task. 

But the production of niter from ammonia did not 
alone solve the difficulty; first, because the production 
of ammonia in our coke ovens, although it amounted 
to nearly 125,000 tons per year, was not sufficient for 
the ever-increasing requirements of war; and then, 
ammonia which was used in this way could not be avail- 
able for agriculture, for which it is the irreplaceable 
fertilizer. Hence, ammonia itself, or sources of it, had 
to be newly created, and for this there was only one 
source—the nitrogen of the air. From this need, the 
high-pressure synthesis of ammonia and the production 
of lime nitrogen during the war grew to enormous im- 
portance. They have become so large that we do not 


have to import from Chile any more today but can 
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produce in our country from the air all the fertilizer and 
industrial nitrogen which we need. 

The series of chemical changes which the war made 
necessary was much longer, since one product is depend- 
ent upon another. Nitrocellulose cannot be made from 
cellulose and nitric acid without the use of fuming 
sulfuric acid, which does not appear in the product but 
is used up in the process. Again, sulfuric acid was 
manufactured in Germany before the war principally 
from foreign sources. There were many more chemical 
changes and new industrial processes, but I will refrain 
from further examples, since I am only concerned with 
the general relation. 

I will describe only one case. As is known, we were 
prepared for a short war; all the difficulties were the 
result of its long duration. On the other hand, very 
early in the war great emphasis was placed upon the 
need for a new system of supply of raw materials for 
powder and explosives. If this was so necessary in 
August and September, 1914, that tradition was broken 
in using strong civilian forces in the war department, it 
should have been just as necessary even before the war 
began. 

The other field of endeavor in which chemistry be- 
came especially important in war, the field of chemical 
warfare, is burdened with misgivings from an orthodox 
standpoint. The disapproval which the knight had 
for the man with firearms is repeated by the soldier 
armed with steel weapons, against the man who op- 
poses him with chemical weapons. The aversion, which 
arises from unfamiliarity with the weapon, is further 
increased by the appearance of exceptional ruthlessness 
and by the feeling that it may violate the fundamentals 
of international law, which must even in war remain 
sacred in the interest of civilization. After the ravings 
of the foreign press, which during the war could not 
judge the subject impartially but only from national 
prejudice, the truthful verdict can only be brought to 
light slowly. The printed opinions of authoritative 
English and American sources, as well as personal in- 
terviews with responsible French officers, have con- 
vinced me that there is no particular difference of 
opinion among those informed of the actual facts. 
Chemical warfare is certainly no more horrible than 
flying pieces of steel; on the other hand, the percentage 
of mortality from gas injuries is smaller. There is little 
maiming, and as far as after effects are concerned, 
there is not enough known yet to warrant a conclusion. 
Under such circumstances, for obvious reasons, the 
prohibition of gas warfare is not easy. Proof of this is 
the fact that our recent enemies have not yet given up 
gas warfare and, according to official opinions, are not 
likely soon to do so. In the meantime, such a prohibi- 
tion has been agreed upon at the Washington Confer- 
ence, but the treaty has not yet been ratified by all the 
participating powers and obviously has in no case led 
to the stoppage of experimental work. On the con- 
trary, we find that in England as in America the desire 
to develop their own chemical industries has used 
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chemical warfare as a pretext. Leading personalities 
advocate a chemical-technical development since it 
promises both commercial use and a military advantage 
in the field of chemical warfare. This shows that the 
question of whether or not the Hague convention and 
declaration permit the use of chemical warfare agents 
is no longer controversial. Should it seriously conflict 
with acknowledged international law the founders of 
the League of Nations would not hesitate a minute to 
outlaw it. One will have to wait and see whether a 
new interpretation of international law will prohibit it. 
In the meantime it will be of interest to get a clear view 
of the military-technical properties of chemical warfare 
agents and of the methods of their production. 

All modern weapons, although they appear to have 
the purpose to kill the enemy, owe their success finally 
to the vigor with which they overpower the morale of 
the enemy. The battles which decide the outcomes 
of the wars are not won through the physical destruc- 
tion of the enemy, but through psychical concussions 
which overcome his powers of resistance in a deciding 
moment and bring up the picture of defeat. The 
troops, which are a sword in the hands of a leader, are 
made into a mob of desperate human beings by those 
psychical concussions. The most important element 
in the technique of war to bring about this psychical 
shock is the artillery. But its effects are limited, since 
the sensations which accompany the striking of shells 
on the field are always the same and hence dull the 
senses. A shell can be twice or four times as large and 
can therefore penetrate more deeply and explode more 
loudly; but in the end it always remains the same, and 
the average difference in the distance from the point of 
explosion is equivalent to the difference in the action of 
detonation and splinter. Living in underground quar- 
ters, which an expert gunner can penetrate or bury, 
causes a terrific strain on the nerves, but the experience 
of war shows that the strain can be withstood, since the 
feeling is dulled against it, as it is against anything 
which acts continuously and repetitiously. 

With chemical warfare the situation is the opposite. 
The most important thing about it is the fact that its 
physiological reactions on the human being and the 
sensations which it causes change in a thousand ways. 
Every change of impression, made evident by the mouth 
and nose, worries the mind with the picture of an un- 
known terror and is a new strain on, the moral power of 
resistance of the soldier at a moment when all his mental 
powers are necessary for his war problem. 

We once tried to win by force of numbers, steadily 
increasing the number of shells and weight of guns, 
but this effort was not very successful. But here we 
have an effort to break enemy resistance through 
qualitative change of action, by utilizing gas shells. 
At the end of the war the gas munitions accounted for 
one quarter of the total munitions and they would still 
have increased if we had not reached the limit of pro- 
duction. ; 

War experience therefore favors the qualitatively 
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different gas warfare rather than the exclusive utiliza- 


tion of explosive munitions. The advantage of gas 
munitions is especially noticeable in a war of position, 
since the chemical gases penetrate every earth fortifi- 
cation and dugout, where the flying pieces of steel can- 
not find an entrance. There are two important aspects 
of the action of gases: one is typical of the yellow cross 
ammunition, the other of the blue cross ammunition— 
two types which, together with the green cross ammuni- 
tion encompass our technique in this field. The parti- 
cular property of the yellow cross material is that it is 
carried about by the clothing and shoes of people, and 
evaporating off in small, warm rooms produces its ef- 
fects when breathed in. Since it is scarcely detectable, 
such a spreading cannot easily be prevented. Relief 
and prevention can only be accomplished by means 
which are not easy to apply. Objects sprayed by 
yellow cross can be decontaminated by sprinkling with 
lime powder, and individual positions can be made 
tenable by the same means, but the action of this ma- 
terial cannot be successfully stopped. For this pur- 
pose it is necessary to use protective clothing which, 
together with the shoes, are taken off before entering 
the shelter. Not enough equipment of that sort can be 
made to supply ‘‘mopping-up”’ troops. Therefore, the 
objective of a large-scale bombardment with yellow 
cross is to make a fortified position untenable. This 
chemical weapon brings to an end the war of position 
which the development of the explosive weapon has 
brought about. 

The blue cross ammunition, on the other hand, is 
always used in conjunction with an explosive charge, 
and the explosive force is sacrificed in order to give the 
explosion cloud an independent fighting action. It has 
the important advantage that without causing severe 
casualties it forces the enemy to wear gas masks. But 
the amount of training for soldiers necessary for the cor- 
rect handling and maintenance of gas protection appa- 
ratus, and especially for the continuation of fighting 
ability under the mask, is unusually great. Human 
beings are sharply divided into those who under strict 
gas discipline remain calm and fulfill their battle func- 
tions, and that minority who become demoralized and 
give up their positions. For this reason the blue cross 
ammunition has become important even in a battle of 
movement. The effect of blue cross ammunition is 
short lived; those who are gassed generally recover by 
the next day at the latest. It is annoying, not 
deadly. Under such circumstances the mental effect is 
much less than that produced by a material (green cross 
ammunition) which can cause death if inhaled. 

The importance of gas ammunition has been estab- 
lished despite its dependence upon wind and weather. 
All steps from the first experiment to the final manu- 
facture took place during the war, absolutely no scien- 
tific or technical preparation preceded. The manu- 
facture was based solely upon local raw materials. All 
gas warfare materials which we used were based upon 
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HIGH-SCHOOL CHEMISTRY - - - - 
A Plea for the Plaintiff 


CHARLES H. STONE 


Vermont Junior College, Montpelier, Vermont 


INCE every statement of chemical fact that appears 
& in our preparatory school texts had its origin in an 
experiment by somebody, sometime, somewhere, it 
seems strange that the compilers of these texts offer so 
many statements of fact without supporting evidence. 
Is this the scientific method? It is true that many of 
the theoretical statements are not easily verified ex- 
perimentally. You cannot prove the truth of Dalton’s 
hypothesis, of Avogadro’s principle, of the Brénsted 
theory; you cannot demonstrate the structure of an 
atom, nor visibly exhibit the movement of electrons 
along a copper wire. But there are so many statements 
of fact that are easily demonstrable that every reason 
exists for placing this evidence before the student. 
We offer the following: 

1. The statement is made in our texts that manga- 
nese dioxide is a catalyst when used with potassium 
chlorate in the preparation of oxygen; often an experi- 
ment in the laboratory manual covers this topic. But 
as Johnny performs the experiment is there proof that 
catalytic action really occurs? In order to prove it, 
he must first show that the chlorate alone will yield 
oxygen if heated sufficiently; that, when the exterior 
heat is removed, the chlorate presently cools to a point 
where the evolution of oxygen ceases; that manganese 
dioxide added then stimulates the evolution of oxygen 
to a point exceeding that when the chlorate alone is 
used, and obviously the temperature is lower than that 
of the first decomposition. Few of our textbooks or 
manuals bring out this sequence. The student is ex- 
pected to believe the statement because the book says 
so. This is hardly sound pedagogy. 

2. Some textbooks say that hydrogen peroxide is 
prepared by the reaction between barium peroxide and 
a dilute mineral acid. Where is the experimental evi- 
dence to demonstrate this point? Any teacher can sift 
barium peroxide into dilute hydrochloric acid until 
there is no further reaction, filter off the residue, test 
the acid filtrate with potassium dichromate solution, 
and observe the blue color which results. The test 
may be confirmed by applying it to a solution known 
to contain hydrogen peroxide. 

3. The textbook says that lime, CaO, is obtained 
by heating limestone, an impure calcium carbonate, 
CaCO;; but neither the text nor the manual offers 
experimental proof. Any teacher can, of course, prove 
this point by first dropping a bit of marble chip into an 
alcoholic solution of phenolphthalein; no reaction re- 
sults. Another bit of marble is strongly heated by 
holding it by its edge with the tongs in the tip of the 
Bunsen flame for at least one minute, and then drop- 


ping it into the phenolphthalein solution; a red color 
results. We have then this succession: 


CaCO; — CaO — Ca(OH): — hydroxyl ion — color test 


4. The text says that the gas masks provided 
soldiers contain activated charcoal and other sub- 
stances that have the power to adsorb gases. But 
where is the experimental evidence of the adsorptive 
power of charcoal? Any teacher can show that a small 
cylinder of wood-charcoal, cut to slide easily up and 
down inside a test tube, will adsorb large amounts of 
ammonia gas. Boil some moderately strong ammo- 
nium hydroxide in a test tube, pour out the liquid, keep 
the tube mouth down and slide up into it the charcoal 
cylinder, and stand the tube in a dish of mercury. The 
steady rise of the mercury shows that the gas is being 
adsorbed, and the rise is greater than can be accounted 
for by the cooling and consequent shrinkage in volume 
of the gas. For proof, remove the charcoal and let some 
student test the odor of it; it is very strongly am- 
moniacal. 

Teachers need a good list of simple but convincing 
experiments for demonstrations. Such a list should 
not be merely a repetition of experiments set forth in 
the laboratory manual. Many such experiments are 
available. Because teachers are not always able to 
devise suitable desk demonstrations and because full 
directions are not contained in most of our textbooks, 
many teachers do little with these demonstrations. 

We have another charge against the compilers of our 
chemistry texts. They dwell upon the isolated instance 
with some detail, but frequently do not enunciate the 
general principle. 

Priestley’s experiment with mercuric oxide is cited 
as an example. This is a case of the decomposition of 
a simple oxide by means of heat. But where is the 
statement of the general principle that the simple oxides 
of most metals do NOT yield oxygen when heated? 
This is easily verified by the teacher at the desk or by a 
group of students working together in the laboratory. 

Lime is obtained by the decomposition of calcium 
carbonate by heat. But where is the statement of the 
general principle that most metal carbonates are simi- 
larly decomposed when heated? Any teacher.can show 
that the carbonates of lead, copper, cadmium, cobalt, 
and nickel are decomposed into the oxides with libera- 
tion of carbon dioxide when heated; or he may turn a 
group of students to the solution of the problem in a 

laboratory exercise. 

Carbon dioxide is prepared by the reaction between 
marble chips and dilute hydrochloric acid. But where 
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is the statement that all carbonates act the same way 
when treated with acid? 

The effect of the formation of an insoluble compound 
in a reaction between a solid and an acid is seldom pre- 
sented adequately. It can be shown that marble chips 
and dilute sulfuric acid react vigorously at first, but the 
reaction soon stops, although acid remains. Why? 

Manganese dioxide is recommended for use with 
hydrochloric acid in the preparation of chlorine. But 
there are half a dozen other oxidizing agents which may 
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be used, some of them much better than the dioxide. 
Is this principle set forth in the text for the student? 

Cost as a determining factor hardly receives the 
attention it deserves, but it must be apparent to-any- 
one that if there are six ways to prepare a certain prod- 
uct, the method which produces a satisfactory yield 
at the lowest cost in a given locality is the one that 
will win out on a commercial scale. Do we ever solve 
problems that involve a dollar sign and approach 
manufacturing costs? 


A Semimicro Boiling-point Test Tube 


ARTHUR FURST and JOHN W. BOHNER! 


* The University of San Francisco, San Francisco, California 


HE semimicro boiling-point test tube described in 

this paper has proved very useful in our elementary 
and qualitative organic chemistry courses. It is of 
interest to note that although many designs of appa- 
ratus for the determination of melting points appear 
periodically in the literature, practically no new devices 
for the determination of boiling points on a semimicro 
scale have been published. 

At the present time the boiling point of an unknown 
liquid can be estimated either by distilling a small 
quantity, or by the capillary tube method of Siwolo- 
boff.2. This latter method is described in most text- 
books. For example, see footnote 3, page 93. For a 
quick, though rough estimation of the boiling point, 
compounds have been boiled in open test tubes. The 
loss of liquid by evaporation is so great that the ther- 
mometer readings are rendered unreliable. 

Shriner and Fuson® have added a percolator cup to 
the test tube but have not cut down the path of the 
escaping vapors. 

To minimize the loss by evaporation a test tube can 
The bulb should 
(A Folin sugar tube 


A slotted cork is used to hold the thermometer in 
The position of the thermometer is important 


The thermometer should not touch the 
sides of the tube. Note the level of the bath liquid in 
relation to the thermometer bulb. The ring of the 
refluxing liquid should be maintained about an inch 
above the upper part of the constriction, no higher. 

The advantages of this method are many. The 

1 Present address: U.S. Navy 

2 SrwoLosorr, A., Ber., 19, 795 (1886). 

3 SHRINER, R. L., AND R. C. Fuson, ‘“‘The Systematic Identi- 


fication of Organic Compounds,” 2nd Ed., John Wiley and Sons, 
Inc., New York, 1940, p. 93. 





tubes are easy to make. No complicated setups are 
necessary; once assembled no special attention need 
be given the apparatus. No stirring of the liquid bath 
is required. The boiling point is obtained in a few 
minutes with between 10 drops and 1 ml. of the un- 
known liquid. When a constant value is obtained on 
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the thermometer this value is recorded as the uncor- 
rected boiling point. A rising temperature indicates 
an impure liquid. No more liquid is used with this 
method than with the capillary tube. And finally, 
the tubes can be used over and over again. 

Table 1 shows a comparison between this and the 
usual capillary tube method. The values are given un- 
corrected for atmospheric pressure, but do include stem 
correction. 

The greatest danger from superheating is overcome 
by using an oil bath. At all times the temperature of 
the bath is only a few degrees above that of the boiling 
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TABLE 1 
COMPARISON OF METHODS 
n- Acetic 

Ben- Butyl anhy- Bromo- Nitro- 

zene Water alcohol dride benzene Aniline benzene 
Drawn test tube 70.5 99.7 118.1 140 155.5 184.5 210.6 
Capillary tube 80.5 99.8 119 140 156.7 185.5 212 
Hand book value 80 100 118 139.6 156 184.4 211 


liquid. When boiling stones were used no change in 
the temperature was noted in the boiling point of aniline 
which was used as the reference fluid. The average of 
eight determinations, four with boiling stones, four 
without, was 184.3°C. The range was 184° to 184.9°C. 
The only difference was that actual boiling was ob- 
served when the boiling stones were used. Without 


TABLE 2. 
Student No. 1 2 3 4 
Unknown Aniline Water t-Amyl] alcohol Ethyl acetate 
Reported 184.3 99.7 100.6 77 
Handbook 184.4 100 102 ¥e.8 
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the boiling stones at times no actual boiling was ob- 
served; in both cases the ring of the refluxing liquid 
was definitely noted. 

Most students found that wrapping the bulb with 
cotton did not improve the results, but added a few 
obstacles. The cotton would either prevent the bulb 
from going through the constriction, or would remain 
stuck in the bulb of the test tube when the thermometer 
was removed. 

As a final check on this method eight elementary 
organic students were shown the figure of the elongated 
test tube, given directions for making it, and then issued 
unknown liquids. The tubes were made with various 
degrees of success. The unknowns were reported 
with stem corrections. Table 2 gives the results. 


RESULTS OF UNKNOWNS 


5 6 7 8 
t-Amy] alcohol Isopropyl alcohol Carbontetrachloride »-Propyl alcohol 
100.02 82.8 ‘ 97.6 
102 82.5 76.8 97.8 


Reference Books for Elementary Chemistry 


ELBERT C, WEAVER 


Phillips Academy, Andover, Massachusetts 


HE compilation that follows is an annotated list of 

books useful as reference works for pupils or teach- 
ers of elementary chemistry. The list does not include 
textbooks as did the list of the Committee on Chem- 
istry Libraries which was published in Tu1s JoURNAL 
in February, 1934. All known publishers of pertinent 
material were contacted, and the response was prac- 
tically complete. 

Publishers were asked to omit titles having copyright 
date prior to 1930 unless a revision bears an imprint 
date of 1930 or later. 

While an attempt has been made to survey the field 
with a reasonable degree of completeness, undoubtedly 
omissions have been made. The author will be grate- 
ful for supplements to this list. 

The assistance of Mr. Benjamin F. Gould for survey- 
ing the list of publishers is gratefully acknowledged. 

The pattern of the report on each book is (1) title; 
(2) author(s) or editor with affiliation as given on the 
title page; (3) publisher and address; (4) year of 
original publication. If revised, number of revision 
and year; (5) number of pages; number of illustra- 
sions; (6) list price; (7) a brief description of the 
book. 


The reader is referred to the list of books that ap- 
peared in THIS JOURNAL in January, 1936, p. 42, and 
also to the current list of books suitable for a school 
science library obtainable from The Librarian, R. H. 
Dyball, Esq., City of London School, Victoria Em- 
bankment, London, E. C. 4, priced at 1s. 2d. post free. 


Acids and Bases. A collection of papers. Norris F. Hall, Uni- 
versity of Wisconsin, H. T. Briscoe, Indiana University, et al. 
Journal of Chemical Education, 20th and Northampton Sts., 
Easton, Pennsylvania, 1941. vii + 103 pp. $1.00. 

An important student reference which presents the latest 
theories on acids and bases and the up-to-date method of teaching 
them. 


George W. Gray. Whittlesey 
xiii + 


Advancing Front of Science, The. 
House, 330 West 42nd St., New York, New York, 1937. 
364 pp. $3.00. 

A discussion of important developments in our knowledge of 
the skies, of atoms and molecules, of the living matter of cells and 
tissue. 

Aluminum, A Magic Mineral. See Magic Mineral series. 

Applied Chemistry. Lefax Data Book 604. Lefax Society, 9th 
and Sansom Sts., Philadelphia 7, Pennsylvania. 140 pp. 
$1.00. 

Technical data sheets from the Lefax library. The Lefax user 
can compile his own handbook of useful laboratory information 
in convenient form. 
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Asbestos, A Magic Mineral. See Magic Mineral series. 
Autobiography of Science, The. Forest Ray Moulton and Justus 
J. Schifferes, Editors. Doubleday, Doran and Company, Inc., 
Garden City, New York, 1945. 696 pp. $4.00. 
The life story of science on the march. 


Chemical Economics. Williams Haynes. D. Van Nostrand 
Company, Inc., 250 Fourth Ave., New York, New York, 1933. 
xviii + 310 pp. Illustrated. $3.25. 

A simple and clear presentation of the specific application of 
economic forces to the chemical industries. 

Chemical Elements. J. Nechaev. Translated by Beatrice Kin- 
kead. Coward-McCann, Inc., 2 West 45th St., New York 19, 
New York, 1942. 223 pp. 10 illustrations. $2.50. 

‘‘An account of the discovery of the elements told in informal, 
dramatic manner that makes search for each almost as exciting 
as a detective story.” 

Chemical Formulary, The. H. Bennett, Glyco Products, Co., 
Editor-in-Chief. Chemical Publishing Company, Inc., 26 
Court St., Brooklyn 2, New York. Volume VI, 1943. xx + 
636 pp. $6.00. 

A collection of recipes for making many thousands of products. 
Alfred A. Knopf, 501 
xii + 264 + xix 


Chemical Front, The. Williams Haynes. 
Madison Ave., New York, New York, 1943. 
pp. $3.00. 

A story of chemical munitions of modern war. 
Chemical Pioneers. Walliams Haynes. D. Van Nostrand Com- 

pany, Inc., 250 Fourth Ave., New York, New York, 1939. (288 

pp. Illustrated. $2.50. 

The story of 15 pioneers who laid the foundations of great 
chemical industries. 
Chemical Tables. 

and Sansom Sts., Philadelphia 7, Pennsylvania. 

$1.00. 

Technical data sheets from the Lefax. library. 
Chemist at Work, The. Roy I. Grady, John W. Chittum, and 

Others, College of Wooster, Ohio. Journal of Chemical Educa- 

tion, 20th’'and Northampton Sts., Easton, Pennsylvania, 1940. 

xv + 454 pp. 50 illustrations. $3.00. 

A vocational guidance problem greatly simplified by this book 
which contains precisely the needed information about 53 major 
fields of chemistry. 
Chemistry in Warfare. 

Hessel. Revised Edition. 

St., New York 18, New York, 1942. 

tions. $2.00. 

An explanation for the layman about the way chemistry works 
in attack and defense. 

Chemistry, Matter and Life. Stephen L. M. Miall. Longmans, 
Green and Company, Inc., 55 Fifth Ave., New York 3, New 
York, 1937. 290 pp. Illustrated. $2.60. 

The application of the principles and laws of chemistry to 
natural phenomena and living substances. 

Discovery of the Elements. Mary Elvira Weeks, Research 
Associate in Scientific Literature at the Kresge-Hooker Scien- 
tific Library, Wayne University. With illustrations collected 
by F. B. Dains, Professor of Chemistry at the University of Kan- 
sas. Fifth Edition, revised and enlarged. Journal of Chemi- 
cal Education, 20th and Northampton Sts., Easton, Pennsyl- 
vania, 1945. xiv + 578 pp. 350 illustrations. $4.00. 

An authoritative account of chemical discovery and history. 


Drama of Chemistry, The. Sidney J. French, Professor of 
Chemistry, Colgate University. Revised Edition. The Uni- 
versity Society, Inc., 468 Fourth Ave., New York, New York, 
1944. iv + 176 pp. 111 illustrations. Paper covers, $0.75; 
cloth bound, $1.25. 

The way man deals with atoms; chemistry in industry, medi- 
cine, and war; the future of chemistry. ‘ 
Electro-deposition of Metals. Georg Langbein. Translated and 

edited by William T. Brannt. Nineteenth Edition. Norman 

W. Henley Publishing Company, 17 West 45th St., New York 


Lefax Data Book 605. Lefax Society, 9th 
140 pp. 


M. S. Hessel, Welford Martin, and F. A. 
Hastings House, 67 West 44th 
x +179 pp. 16 illustra- 
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19, New York, 1924. xii+ 863 pp. 185illustrations. $7.50. 
A practical and complete treatise on electroplating, galvanizing, 
and metal finishing. 
A. W. Haslett, sometime Foundation Scholar 
Alfred A. Knopf, 501 Madison 
xiv + 305 + xii pp. 


Everyday Science. 
of Kings College, Cambridge. 
Ave., New York, New York, 1937. 
$2.75. 

The story of the part modern science has played in our lives 
told by the science correspondent of the London Morning Post. 


Excursions in Science. Neil B. Reynolds, General Electric Com- 
pany, and Ellis L. Manning, Supervisor of Science, New York 
State Department of Education, Editors. Whittlesey House, 
3380 West 42nd St., New York, New York, 1939. xiii + 307 
pp. $2.50. 

Accounts of the different branches of science told by 30 leading 
scientists. 


General Chemistry. Lefax Data Book 629. 
and Sansom Sts., Philadelphia 7, Pennsylvania. 
$1.00. 

Technical data sheets from the Lefax library. 


George Washington Carver. Rackham Holt. Doubleday, Doran 
and Company, Inc., Garden City, New York, 1943. 342 pp. 
23 illustrations. $3.00. 

A sympathetic biography of the outstanding figure in the 
application of chemistry to solving the problems of the South. 
Glass: The Miracle Maker. Charles John Phillips, Corning 

Glass Works. Pitman Publishing Corporation, 2 West 45th 

St., New York 19, New York, 1941. xii + 424 pp. 207 

illustrations. $4.50. 2 

The history, technology, properties, and uses of glass, written 
in a manner that will make the book of value to the general 
reader. 


Handbook of Chemistry. Compiled and edited by Norbert A. 
Lange, Lecturer in Chemistry at Cleveland College of Western 
Reserve University, assisted by Gordon M. Forker, General 
Electric Company, Cleveland, Ohio, with an appendix of 
mathematical tables and formulas by Richard Stevens Buring- 
ton, Associate Professor of Mathematics at Case School of 
Applied Science. Fifth Edition, revised and enlarged. Hand- 
book Publishers, Inc., Sandusky, Ohio, 1944. 2092 pp. 
$6.00. (Special student and teacher edition available.) 

A reference volume of chemical and physical data used in 
laboratory work. 


Handbook of Chemistry and Physics. Charles D. Hodgman, 
Associate Professor of Physics, Case School of Applied Science, 
Editor-in-Chief. Twenty-eighth Edition. Revised annually 
since 1913. Chemical Rubber Company, 2310 Superior Ave., 
N. E., Cleveland, Ohio, 1945. $4.00 in U. S. A., $4.50 else- 
where (earlier editions at lower prices). 

An essential reference for efficiency in scientific work. 


Henley’s Formulary. Gardner D. Hiscox dnd T. O’ Conor Sloane, 


Lefax Society, 9th 
140 pp. 


Editors. Norman W. Henley Publishing Company, 17 West 
45th St., New York 19, New York, 1944 revision. 900 pp. 
$4.00. 


A “‘treasure-house”’ of formulas, trade secrets, and chemical 
processes, including a new section on photography and plastics. 
High-School Science Teacher and His Work, The. Carleton E. 

Preston, Associate Professor of Teaching of Science, University 

of North Carolina. McGraw-Hill Book Company, Inc., 330 

West 42nd St., New York, New York, 1936. 272 pp. $2.00. 

A practical treatment of high-school science methods and prob- 
lems. 

History of Chemistry, A. F. J. Moore (revised by William T. 
Hall). Third Edition. McGraw-Hill Book Company, Inc., 330 
West 42nd St., New York, New York, 1939. 447 pp. 100 
illustrations. $3.00. 

The origin of the fundamental ideas of the science, their phil- 
osophical basis, the critical periods in their development, and the 
personalities of the great men whose efforts have contributed to 
that development. 
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How to Make and Use a Small Chemical Laboratory. Raymond 


F. Yates. Norman W. Henley Publishing Company, 17 West 
45th St., New York 19, New York, 1939. 125 pp. 58 illus- 
trations. $1.00. 


The second part of the book deals with the title. 


Lecture Demonstrations in General Chemistry. Paul Arthur, 
Assistant Professor of General and Analytical Chemistry, 
Oklahoma Agricultural & Mechanical College. McGraw-Hill 
Book Company, Inc., 330 West 42nd St., New York, New York, 
1939. xvi +455 pp. 113 illustrations. $4.00. 

A complete laboratory manual for the lecture demonstrator. 

Life of Ira Remsen, The. Frederick H. Getman. Journal of 
Chemical Education, 20th and Northampton Sts., Easton, 
Pennsylvania, 1940. 172 pp. 15 illustrations. $2.50 regular 
edition; $3.50 deluxe. 

A biography which is one of the most inspiring books ever 
written about a chemist. 


Madame Curie. Eve Curie. Translated by Vincent Sheean. 
Doubleday, Doran and Company, Inc., Garden City, New 
York. 1939. 33 illustrations. $1.00. 

A definitive biography of the greatest of all women scientists 
written by her daughter. 

Magic Mineral series. Lillian Holmes Strack. Harper & 
Brothers, 49 East 33rd St., New York 16, New York, 1941-43. 
45to 56 pp. Over 15 illustrations in each. $1.00 each. 

Aluminum, A Magic Mineral. 
Asbestos, A Magic Mineral. 
Magnesium, A Magic Mineral. 
Nickel, A Magic Mineral. 
Radium, A Magic Mineral. 
The discovery, mining, and uses of today’s most important 
minerals. 

Magnesium, A Magic Mineral. See Magic Mineral series. 

Manual of Laboratory Glass-Blowing. R. H. Wright, Associate 
Professor of Chemistry, University of New Brunswick. Chemi- 
cal Publishing Company, Inc., 26 Court St., Brooklyn 2, New 
York, 1948. ix +90 pp. 11 plates. $2.50. 

A practical manual of the art of laboratory glass blowing. 

Marvels of Modern Chemistry. Beverly L. Clarke. Harper & 
Brothers, 49 East 33rd St., New York 16, New York, 19382. 
374 pp. 4 illustrations. $2.50. 

General survey of all phases of modern chemistry in theory and 
in practice, written for the lay reader. 

Men of Science in America. Bernard Jaffe, Head of Physical 
Sciences, James Madison High School, New York City. Simon 
and Schuster, 1230 Sixth Ave., New York 20, New York, 1944. 
600 pp. 52 illustrations. $3.75. 

The development of science in America told in terms of se- 
lected biographical sketches. 

Minerals of Might. Walliam O. Hotchkiss, recently President of 
Rensselaer Polytechnic Institute. Jaques Cattell Press, Lan- 
caster, Pennsylvania, 1945. 250 pp. $2.50. 

World power through intelligent conservation and use of natu- 
ral resources. 

Modern Chemists and Their Work. Christy Borth. New Edi- 
tion. Doubleday, Doran and Company, Inc., Garden City, 
New York, 1942. 410 pp. $0.69. 

An account of the chemurgists. Formerly titled ‘‘Pioneers of 

Plenty.” 

_ Modern Methods and Materials for Science Teaching. Elwood 
D. Heiss, Pennsylvania State Teachers College, Ellsworth S. 
Obourn, John Burroughs School, and C. Wesley Hoffman, Blair 
Academy. The Macmillan Company, 60 Fifth Ave., New 
York, New York, 1940. 35l pp. Illustrated. $2.75. 
Principles of scientific teaching; materials and devices for 

teaching science. 


More Acids and Bases. Acollection of papers. David Davidson, 


Brooklyn College, W. F. Luder, Northeastern University, et al. 
Journal of Chemical Education, 20th and Northampton Sts., 
Easton, Pennsylvania, 1944. 


vii ++ 79 pp. $1.00. 
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A sequel to ‘‘Acids and Bases”’; it extends the theory of acid- 
base behavior and discusses some of the particular applications in 
the light of modern theory. 


Nickel, A Magic Mineral. See Magic Mineral series. 


Out of the Test Tube. Harry N. Holmes, Oberlin College. 
Fourth Edition, revised and expanded. Emerson Books, Inc., 
251 West 19th St., New York 11, New York, 1943. 311 pp. 
104 illustrations. $3.00. 

‘The best popular discussion of chemistry since the publication 
of Slosson’s ‘Creative Chemistry.’ ”’ 

Polarographic Method of Analysis, The. Otto H. Mueller, 
Cornell University Medical College. Journal of Chemical 
Education, 20th and Northampton Sts., Easton, Pennsylvania, 
1941. vi+114pp. $1.00. 

A detailed description of the technique and application of 
polarography as a quantitative and qualitative tool. 


Radium, A Magic Mineral. See Magic Mineral series. 


Science at War. George W. Gray. Harper & Brothers, 49 East 
33rd St., New York 16, New York, 1948. xi + 296 pp. 
$3.00. 

A demonstration of the dramatic role science has played in our 
all-out war effort, and its part in social reconstruction to follow. 


Science in Literature. Frederick H. Law, Editor. Harper & 
Brothers, 49 East 33rd St., New York 16, New York, 1929. 
364 pp. 4 illustrations. $1.40. 

Selections from scientific writings which are also literature. 
Science Teaching at Junior and Senior High School Levels. 

George W. Hunter, Lecturer, Claremont Colleges. American 

Book Company, 88 Lexington Ave., New York 16, New York, 

1934. viii + 552 pp. $1.25. 

The place of science in training for social living, and the tech- 
nique of science teaching. 

Science Yearbook of 1945. John D. Ratcliff, Editor. Double- 
day, Doran and Company, Inc., Garden City, New York. 
Separate yearbooks for 1942, 1943, and 1944 in this series. 
$2.50. 

A summary of scientific achievements in all fields for the year. 
Simple Chemical Experiments. Alfred Morgan. D. Appleton- 

Century Company, 35 West 32nd St., New York 1, New York, 

1941. 271 pp. 84 illustrations. $2.50. 

As the title implies. Experiments designed for home perform- 
ance. 

So You Want to be a Chemist? Herbert Coithe McGraw-Hill 
Book Company, Inc., 330 West 42nd St., New York, New York, 
1943. x + 128pp. $1.50. 

A clear outline of the manifold activities of the chemist and 
chemical engineer. Illustrating his points, the author discusses 
the qualities that make for success in chemical industrial fields. 
Spirit of Chemistry, The. Alexander Findlay, Professor of 

Chemistry, University of Aberdeen. Second Edition. Long- 

mans, Green and Company, Inc., 55 Fifth Ave., New York 3, 

New York, 1934. 510 pp. Illustrated. $3.00. 

The description in a historical manner of the important dis- 
coveries and achievements in chemistry. 

Stone That Burns, The. Williams Haynes. D. Van Nostrand 
Company, Inc., 250 Fourth Ave., New York, New York, 1942. 
xii + 345 pp. Illustrated. $3.75. 

The story of the American sulfur industry. 

Teaching of Science in Elementary and Secondary Schools, The. 
V. H. Noll, Michigan State College. Longmans, Green and 
Company, Inc., 55 Fifth Ave., New York 3, New York, 1939. 
239 pp. $2.00. 

A discussion of teaching methods, curricula, achievement 
tests, and available literature. : 

This Chemical Age. Williams Haynes. Second revised edition. 
Alfred A. Knopf, 501 Madison Ave., New York, New York, 
1942. xi + 385 + xxii pp. 18 illustrations. 2 charts, 
$3.50. 

The story of the why and wherefore of the chemical miracles 
of modern life. 
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ANY high schools and colleges have installed 
f laboratory desks with master keys for the in- 
structor and one or more keys for each student locker. 
Such desks, when used over a long period of time, re- 
quire frequent repair or replacement of worn-out locks 
and keys. Sometimes keys are misplaced or lost, 
necessitating the installation of new locks and often the 
introduction of one or more additional master keys. 

The writer has found that many of the difficulties of 
using locks and keys can be eliminated by the substitu- 
tion of a keyed combination padlock system. Keyed 
combination padlocks all unlock with one combination 
when the master key is used. The keyless combina- 
tions used by the students are all different. The use of 
such a lock with the proper type of hasp and iron plate 
is illustrated in Figure 1. 

A 1/;inch steel plate of dimensions about 13/, X 5 
inches is bolted to drawer Az with bolts of the proper 
length in such a way that it extends out over drawer A3. 
With this plate drawer A; is held in a locked position 
when drawer Ae is closed. Drawer A» and compart- 
ment A, are locked by securing to the door of A; a hasp 
which lifts up over its mounting screws to fit over the 
round loop.of an eye bolt bolted to the supporting frame 
between drawer A, and compartment A;. When the 
hasp is locked in the up position it extends over the 
lower edge of drawer Ag, locking it in place. Thus all 
three compartments are secured by one padlock. By 
placing the hasp and plate in different positions any 
system of drawers or compartments can be locked with 
one padlock. 

The writer has used this system successfully on 150 
lockers over a period of 5 years. The inconvenience of 
having to open drawer A: in order to obtain access to 
drawer A; was eliminated by storing in the latter 
drawer apparatus infrequently used. The following 
advantages proved by experience and use should be 
noted. 

1. This padlock system offers more positive protec- 
tion to the locker and its contents. Drawers or com- 
partments cannot be forced open easily. Worn or 
stray keys cannot be used. 

2. This system when installed will last indefinitely. 


it was. 





Locking Laboratory Desks 


ALVIN D. BOSTON 
Wabash College, Crawfordsville, Indiana 


3. The cost per desk of the complete installation is 
less than the cost of replacing worn-out locks and keys. 

4. The instructor’s master key alone or the instruc- 
tor’s master combination will not give access to the 
lockers. 

5. The locker cannot be locked without first closing 
all compartments. 












































































































































FIGURE 1.—ILLUSTRATION OF METHOD OF LOCKING LABORATORY 
DESKS 


6. The locks can be moved from desk to desk or 


_ from one laboratory to another, thys enabling the in- 


structor to issue the same lock to the same student each 
yéar. 

All of this equipment can be purchased with the usual 
electroplated coat of zinc or cadmium for protection 
against fumes except the iron plate, which can be made 
up by a local machinist, and the carriage bolts, which 
should be given a coat of aluminum paint. 


Ice cream is older than you think. In fact, it is now a year older than we thought 
The tradition that it was first introduced at the White House during the ad- 
ministration of President Madison has been upset by the discovery of an advertisement 
in the Louisiana Courier, of April, 1808, a year before President Madison took office. 
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A “Logical” Chemistry Course? 


G. WAKEHAM 


University of Colorado, Boulder, Colorado 


O TWO chemistry texts of the many the writer has 
examined present the chosen topics in the same 
order. Yet each author doubtless had some integrat- 
ing idea in mind, and thought that he was developing 
the course in a ‘‘logical’’ way; the only exceptions being 
those writers who frankly side-step the problem of 
arrangement by lumping all the theory in one section 
and the descriptive matter in another, leaving the 
teacher to sort things out according to his own ideas of 
“logic,” or teaching effectiveness. Maybe a brief dis- 
cussion of a few of the many possible “‘logical’’ arrange- 
ments will clarify the ideas of teachers, and even text- 
book writers, and help them to organize their courses 
more effectively. It is an educational truism that any 
intelligent teacher will teach better in his own way than 
in some other way coming down from above; but it is 
important that the teacher have a way—a plan intelli- 
gently chosen and carefully thought out, crystallized 
around a unifying, integrating idea. Too many teach- 
ers merely follow a text, get as far as they can, and 
imagine that they have done their whole duty. 

We may loosely define as ‘logical’ any plan that 
follows some centralizing notion and aims at giving an 
integrated bird’s-eye view of the whole chemical scene. 
The older method was analytical. It met the classical 
educational maxims of proceeding from the known to 
the unknown, the familiar to the unfamiliar, the con- 
crete to the abstract, description to theory, etc. It be- 
gan with minerals and metals, air and water—tangible 
things—classified compounds and elements, interlarded 
carefully chosen chunks of description, and finished 
with the ‘‘crowning glory”’ of radioactivity and atomic- 
structure theory. If used at present, the atomic bomb 
would doubtless be the final climax. 

An ultra-modern and very “‘logical’”’ plan is the syn- 
thetic. 
and builds up everything—both theoretical and de- 
scriptive—from that foundation. Electrons, protons, 
and neutrons are, of course, the ultimate, fundamental 
entities, in so far as we now know or have theorized up 
to the present, and this plan is “‘logically”’ ideal. It is 
particularly attractive to intelligent, enthusiastic young 
teachers. Most of them who have tried it, however, 
report great difficulty in ‘‘putting it over,’’ save to small 
classes of mature or superior students. Most of the 
texts originally written on this plan, during the enthu- 
siastic thirties, have lately receded from the extreme 
position, and now use a hundred pages or so of in- 
troductory, analytical matter before springing atomic- 
structure theory. The chief objection to bringing in 
this theory early is that the presentation must be purely 
didactic. No effective illustrative laboratory experi- 


It starts in boldly with atomic-structure theory . 


ments are available, and a lecture demonstration of 
cathode-rays is not enlightening. Students have to 
take it entirely by faith, even though they may admire 
the delicate tints of vacuum-tube discharges in a 
darkened room. 

Some progressive teachers now favor the heuristic 
plan. It is based upon the theory of evolution. Just 
as the human organism goes through the worm, fish, 
and monkey stages during development, so—it is 
argued—the growing mind goes through the historical 
stages of discovery and progress. It is notorious that 
the adolescent intellect is not naturally logical. The 
heuristic plan holds that if the great theories of chem- 
istry are presented in the historical order of their dis- 
covery, along with the actual chemical observations 
upon which they were based at the time of their dis- 
covery, they will be more easily apprehended by im- 
mature minds. Lowry’s ‘Historical Introduction to 
Chemistry” (an English text) was organized on this 
plan. The temptation of teachers who have clear, 
logical concepts of their own is to assume that any 
normal mind will be able to see as they do if the matter 
is presented in plain English. It must be confessed, on 
the one hand, that some chemical theories crept into 
recognition by tortuous, complicated, seemingly un- 
natural ways. Yet, on the other hand, some teachers 
report that a study of historical backgrounds has en- 
abled them to understand student difficulties more 
clearly and to present difficult theories more effectively 
and successfully. 

Perhaps the most generally applicable plan of order- 
ing subject matter might be called the Baconian, or 
inductive-deductive method, in which analysis and syn- 
thesis alternate. This is, of course, an imitation of 
the so-called ‘‘scientific method,’’ which all teachers are 
urged to inculcate in the minds of their students. Ob- 
servation, followed by analysis and classification, are 
the first steps of induction. The analysis of common 
substances may be carried to the elementary stage, the 
elements then being classified, and finally synthesized 
into types of compounds. Or, the analysis may be 
carried to the subatomic stage straight away, the syn- 
theses then being built up from the most fundamental 
known entities. One objection to this plan is that sub- 
atomic theory is still in flux, so that one teacher habit- 
ually urges all of his students to be sure to pass the 
course because, if they have to repeat it, they might 
have to learn something else! 

If any teacher or author is moved by these remarks 
to tighten the logic of his course by carefully reconsider- 
ing the arrangement of his topics, the purpose of this 
paper will be accomplished. 
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SAMUEL SCHENBERG 


Qualitative Synthesis of Water by Volume 


A Classroom Demonstration 


Lafayette High School, Brooklyn, New York 


A LL high-school chemistry textbooks refer to the 
fasynthesis of water by volume. The laboratory 
manuals and experiment books give no specific direc- 
tions for the demonstration. The author has carried 
on a series of experiments with the view of outlining a 
safe procedure for the classroom teacher. 

A eudiometer (see diagram) is filled with water and 
inverted in a tall cylinder of water. Oxygen is ad- 
mitted and the eudiometer is lowered in the cylinder to 
equalize the pressures, until the level of the water inside 
the eudiometer is the same as the level of the water in 
the cylinder. The volume of the oxygen is read on the 
eudiometer. Hydrogen is then admitted, the pressures 
are equalized, and the total volume of oxygen and hy- 
drogen is determined. The eudiometer is fixed into 
position with two clamps and the mixture is sparked 
with the aid of a small induction coil. After the 
pressures are equalized the final reading is taken. The 
entire demonstration will not take more than five min- 
utes, and three or four such demonstrations may be 
performed in succession to bring out the volume rela- 
tionships. . It makes no difference whether the oxygen 
precedes or follows the hydrogen into the eudiometer. 
An excess of hydrogen or oxygen is desirable to act as a 
cushion and minimize the force of the explosion. The 
residual gas may be tested for oxygen with a glowing 
splint or for hydrogen with a burning splint. 

Tables 1 and 2 list the results of some test runs. In 
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all cases the explosions were instantaneous. All figures 
given are in milliliters. 
TABLE 1 
Oxygen and Oxygen 
Run Oxygen hydrogen Hydrogen remaining 
1 9.4 15.2 5.8 6.6 ' 
2 13.8 23.4 9.6 9.2 
3 22.0 31.6 9.6 17.8 
4 21.4 33.5 12.1 15.6 
5 19.2 32.9 13.7 12.8 
6 16.0 28.1 12.1 10.2 ni 
7 13.8 24.6 10.8 8.8 
8 11.9 23.5 11.6 6.4 
9 11.8 20.0 8.2 7.8 
10 21.1 33.1 12.0 15.4 
i ; bg rt: Pp During the course of these experiments, the author 
13 28.7 9.4 14.9 found that under certain conditions the explosions were 
” bie i via not instantaneous and would take place anywhere 
cane é from 30 seconds to 5 minutes after the gases were mixed 
Gani aie Pp reeone without, in many cases, adversely affecting the results. 
Run Oxygen hydrogen Hydrogen —_— remaining The mixture is sparked every 30 seconds until no fur- 
1 25.1 19.8 9.0 ther change in volume occurs. A smaJl change in 
2 28.6 21.0 6.0 , , Nii RE? 
3 8.0 6.2 24 volume is noted at each sparking. At the time indi- 
‘ Se : ae cs cated in Table 3 the explosion occurred. Further spark- 
6 6.8 5.0 1.4 ing produced no change in volume. 
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TABLE 3 
Remaining 
Oxygen and oxygen or Explosion 
Run Oxygen hydrogen Hydrogen hydrogen time (min.) 
1 4.8 34.9 30.1 19.7 3 
2 3.4 23.2 19.8 12.9 2 
3 4.4 24.2 19.8 10.8 1.5 
4 4.9 24.7 19.8 9.8 1 
5 25.8 35.5 9.7 21.0 2 
6 24.5 35.4 10.9 18.8 3.5 


The above results seem to indicate that an appre- 
ciable interval of time elapses before diffusion becomes 
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complete. Further investigation of these delayed ex- 
plosions is being made to secure more reliable results. 

In conclusion, the author is of the opinion that the 
volumetric synthesis of water may be demonstrated 
easily in the classroom. Although the results are 
qualitative, they provide the teacher with an experi- 
mental approach to the problem. 

The author gratefully acknowledges the assistance 
of three of his students, Aaron Galonsky, Lewis Glick- 
man, and William Proops, in the performance of the 
experiments for this article. 


Out of the Editors Bashet 


W: NOTE that our old friend Ross A. Baker of the 
City College of New York has been selected by 
the War Department to serve on the faculty of one of 
the University Student Centers to be used in the Army 
Education Program for troops in the European theater 
of operations. Professor Baker will be employed as a 
civilian educational specialist in England and France, 
working with other civilian specialists and educators 
drawn from the army. 

The Education Program includes study and training 
in unit schools operated by and within battalions and 
similar military units; study in civilian educational 
institutions; study in special Army University Study 
Centers; training in a centralized vocational school; 
and study in the Army’s system of correspondence 
courses through the United States Armed Forces In- 
stitute. 

The first of the two Army University Centers was 
scheduled to open the latter part of July in Shriven- 
ham, England. With an enrollment of about 4000, 
the Center offers courses in agriculture, commerce, 
education, engineering, fine arts, journalism, science, 
and liberal arts. The courses are patterned on the 
average American university summer session and will 
be of eight weeks’ duration. 

The program is being presented for enlisted personnel 
and officers not engaged in full-time military duties 
who can make effective use of this plan by pursuing a 
course of study in keeping with their individual postwar 
plans and ambitions. 

Dr. Baker’s address, for any of his many friends who 
may wish to communicate with him, is Army Univer- 
sity Center #1, A. P. O. 756, c/o Postmaster, New 
York, N. Y. 


@ The most probable utilization of nuclear energy, the 
basis for the atomic bomb, is as a source of heat, accord- 
ing to heads of engineering and research for the General 
Electric Company. 


In stating that the most probable utilization of 
nuclear energy is as a source of heat, General Electric 
officials said that such heat in turn may produce steam 
or hot gases for use in conventional types of power- 
generating equipment. 

Some people have asked concerning the possibility of 
direct conversion from nuclear energy to electric power 
in usable form. This seems an extremely remote possi- 
bility. There is a long road of development ahead. 
It is true that the success of the bomb demonstrated 
that we can release a tremendous amount of nuclear 
energy in one instantaneous blast at a controlled time. 
But to make this form of energy commercially useful, 
we must learn how to generate it and control it in a way 
that is adaptable to power production. No doubt we 
shall learn how to do this, but the learning will take a 
lot of research, development, and time. 

Most difficult to answer is the question of the 
economic practicability of the commercial use of nuclear 
energy. The $2,000,000,000 cost of the atomic bomb 
program unquestionably could be reduced greatly if a 
similar project were to be started today based on the 
knowledge already gained through this development, 
but it would still be a tremendously costly undertaking. 

To control power stations, railroads, or other busi- 
nesses in which the generation or use of power is of ex- 
treme importance, the G-E engineering and research 
chiefs gave the following advice: ‘‘Were we responsible 
for conducting the affairs of such organizations, we 
should go right ahead with our plans for the years to 
come on the basis of present-day commercially available 
sources of energy; namely, coal, oil, and water power. 
Only as research and development proceed shall we 
learn the limitations and possible practical commercial 
applications of nuclear power.” 


@ From among the many comments on the advent of 
the so-called Atomic Age, we quote the following: 
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Perhaps the most important aspect of the development of the 
atomic bomb is the revelation it has made to the workaday world 
of the irresistible power of teamwork in science when adequately 
supported. What had been considered one of nature’s most 
difficult problems has been solved in a relatively short time by the 
concerted efforts of a competent group of men and women witha 


clear objective. The implications of this achievement, when 
viewed in relation to the many problems both material and 
moral that still face mankind, may prove to be of greater im- 
portance than the surrender of either the atom or the enemy.— 
Editorial in the August Canadian Chemistry and Process Indus- 
tries. 


The world stands nonplussed by the evidence that the secrets 
of atomic energy have been pierced; the fancy of some men has 
taken wings. But it remains for the future to justify their opti- 
mism. Some historians credit the harnessing of steam with 
enabling Europe to surmount the heritage of debt and devastation 
left by the Napoleonic wars. Although the wastage of this war, 
and the debt it leaves, pales that of the early 19th century, 
atomic energy now has manifested its potentialities more clearly, 
and its impact upon men’s imaginations is greater than the puffing 
toy with which Newcomen pumped some water from a British 
coal pit—Edgar M. Queeny, Monsanto Chemical Company. 


@ The Subcommittee on War Mobilization of the U. S. 
Senate Committee on Military Affairs recently issued a 
document of some interest—Subcommittee Monograph 
No. 3. It is entitled ‘‘The Social Impact of Science: 
Select Bibliography—With a Section on Atomic Power.”’ 
The references, chiefly in English, include books, 
pamphlets, periodicals, and government publications 
from the period 1930 to 1945. Many references are 
annotated. The bibliography may be obtained from 
the Government Printing Office. 


@ From the 1945 Report of the Scientific Director of 
the Nutrition-Foundation, we quote the following: 


Everyone is thrilled by the precision and apparent ease with 
which a modern airplane sails off into the sky and later glides toa 
specific white line at a distant airport. We cannot escape a feel- 
ing of admiration for the accuracy and reliability with which each 
part of the ship has been developed and therefore must have been 
understood by someone. Then imagine, for a moment, the prob- 
lem of the biochemist or the physician who tries to understand as 
clearly what happens to a typical meal inside the body. For- 
tunately, nature has taken care of most of the details, but the 
fundamental problem still faces a scientist—he is striving for an 
understanding of what happens to food inside the body, so that 
the science of preventive medicine and the practical problems of 
agriculture and industry can be approached on a rational basis, 
just as the physicist and engineer need to know the meaning of all 
the wires and control instruments in an airplane. 

Fortunately, most scientists and many leaders in industrial 
development know the broad relation of fundamental research to 
success and growth in industry. The food industry, because of 
its great responsibility for human health, has much in common 
with the biological sciences that underlie both agriculture and 
modern medicine. 

In brief, we want to find what quantity of each of the 40 or more 
essential nutrients is required for good nutrition, how each nu- 
trient functions inside the body, how each can be used to protect 
human and animal health, and how each can be measured accu- 
rately, either as it functions in the body or as it comes into being 
on a farm and later takes its course through a modern factory. 

We do not expect an airplane passenger or steward to know how 
to build an aircraft, nor should one expect the housewife, or chef, 
or plant manager to know the detailed science of nutrition. But 
in the background there should be continued explorations and a 
growing knowledge of principles to chart the course of further 


progress. ‘ 
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The food industry has made possible a completely unrestricted 
program of fundamental study in universities and similar research 
centers throughout the United States and Canada. One could 
not ask for a more forthright expression of confidence in the value 
of basic research, or for a more sincere acknowledgment of the 
interest that the food industry has in protecting the health of the 
public. 

The opportunities to strengthen research and advanced training 
in the areas where we have started are so great that one cannot 
feel we have made more than a good beginning. 

In looking ahead, few if any features of our national life will be 
of greater importance than the provision for research to extend 
the frontiers of human knowledge. 

Radioactive elements now (a) provide ‘“‘tracer’’ compounds for 
use in nearly all fields of medical research, (b) furnish the most 
valuable means of combating cancer, and (c) give promise of 
furnishing a source of power with untold possibilities for man- 
kind. It is interesting, then, to reread a quotation from Madame 
Curie’s father who wrote as follows, in congratulating her upon 
the discovery of radium: ‘‘What a pity it is that this work has 
only theoretical interest, as it seems.” 


@ The use of rayon cord in manufacturing heavy duty 
tires resulted in the saving of 87,000,000 pounds of 
rubber during the war, enough to relieve the civilian 
tire shortage to the extent of 1,000,000 extra passenger 
car tires and 2,000,000 heavy truck tires, said William 
C. Appleton, president of the American Viscose Cor- 
poration, manufacturers of high-tenacity rayon cord and 
fabric for tires. 

This saving in critical rubber was made possible by 
the fact that a rayon cord tire is stronger, yet requires 
10 to 15 per cent less rubber than a cotton cord tire. 
Tire manufacturers were instructed by the WPB in 
1943 to adopt rayon cord in truck, bus, and military 
tires after army tests had proved rayon gives greater 
mileage, safety, and blowout resistance. The move 
was made to provide tires of maximum strength and 
durability for military and essential civilian needs, and 
to conserve the dwindling national stockpile of rubber. 
Because rayon cords are thinner than cotton cords of 
equal strength, less rubber is needed to encase the cords, 
the saving amounting to 450 pounds of rubber for each 
thousand pounds of rayon used. 

In addition to saving rubber enough to make 3,000,- 
000 extra tires of mixed sizes, the use of rayon further 
alleviated the shortage of truck and bus tires because 
fewer tires were needed to keep all vehicles in operation, 
due to the greater mileage obtained oti rayon cord tires. 
Mr. Appleton said that the reduction in tire consump- 
tion through this source could not be estimated but has 
run into millions of tires annually. 


z A new 16-page illustrated booklet that covers basic 
theory, principles, and applications of X-ray diffraction 
has been issued by North American Philips Company, 
Inc., 100 East 42nd Street, New York. 

Text material was written by F. G. Firth, Research 
Engineer, and is divided into three sections. Part one 
deals with the basic principles and theory of X-ray 
diffraction. Part two discusses the constitution of 
matter. Part three treats many application problems 
at considerable length. — 


e Asa result of the vast development work underlying 
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the atomic-bomb project, more than 5000 new products 
and procedures affecting all phases of American life are 
said to be available to industry. These products and 
procedures now await only government release for com- 
mercial application. 

The $2,000,000,000 project has resulted in many 
scientific developments, wholly apart from the funda- 
mental factor of atomic power itself, which can be 
utilized immediately by a wide range of major Ameri- 
can industries. In petroleum refining are listed such 
advances as: improved pumping; new type, more 
efficient heat exchangers; mass spectroscope (con- 
tinuous analytical control); possible new methods for 
separating gas mixtures; and improved automatic 
control. Parallel advantages were specified for other 
industries. Benefits accruing to the medical profession 
and public health include: (1) a low cost, more abun- 
dant source of radioactivity; (2) improved protective 
methods for combating toxicity in industry; and (3) ex- 
tension of cancer therapy. 


@ Rensselaer Polytechnic Institute has announced a 
cooperative plan with industry to aid in replenishing 
the nation’s supply of scientific and technological per- 
sonnel, said to be so critically diminished by the war as 
to threaten the country’s future. 

The General Electric Company has agreed to parti- 
cipate in training as many as 80 men at a time as its 
share in the program, and other nationally known com- 
panies are also arranging to take part, according to 
President Livingston W. Houston of RPI. 

“In other great countries,’’ the announcement stated, 
“the supply of technological and scientific personnel is 
as large as ever, or perhaps larger. They conserved 
such personnel and continued such training. In the 
United States such training practically ceased. 

“The United States finds itself short approximately 
150,000 engineers who would have been graduated 
during the war period under normal conditions, not to 
mention war casualties. If these men had been trained, 
they could aid tremendously now in adapting technolog- 
ical advances coming out of the war to peacetime pro- 
duction in industries. 

“The shortage is proportionately even more acute 
in the number holding master’s and doctor’s degrees, 
upon whose research and creativeness we depend most 
to keep us ahead of or abreast of other countries.” 

The RPI plan is described as aiming particularly at 
the latter need. It is said to differ from the average 
college-industry plan in that it will carry students 
through at least to the master’s degree and enroll only 
those who indicate talent and ability for graduate study 
and research. RPI and the cooperating industry will 
jointly select the candidates from the regular student 
body in their sophomore year. 

While studying various branches of engineering, 
physics, and chemistry, they will spend about 30 per 
cent of their time in shops or laboratories of the in- 
dustries, for which they will re¢eive wages. 

“The fact that such students will receive pay for 
about a third of their time will enable veterans to re- 
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ceive this high standard of education in cases where, 
because of dependents, the educational benefits of the 
G. I. Bill would not otherwise be sufficient,” the 
announcement continued. 

‘Neither the student nor the company is obligated, 
one to the other, as to later employment, but such em- 
ployment will probably result by mutual desire. 

“The main objective is to increase the training of 
talented young men for their most effective service. 
For this country’s progress and protection, it seems wise 
to assume that the ‘race of the laboratories’ which 
brought about the Atomic Age will continue, for good or 
bad, in a world now possessed of more scientific and 
technological know-how than ever before.”’ 


e@ To assist universities in reducing the postwar dearth 
of young men with advanced technical training, the 
Eastman Kodak Company is expanding its granting of 
annual fellowships into a well-rounded program of aid 
to graduate students of chemistry, physics, mechanical 
and electrical engineering, and business administration. 
This enlarged program is to provide 12 fellowships 
for doctoral work and 10 fellowships for master’s work. 

The previous Eastman Kodak grants were confined 
to the field of chemistry and chemical engineering and 
numbered only six. 

Numerous businesses are patrons of education 
through fellowship grants. George Eastman, the 
founder of Kodak, donated and bequeathed more than 
$75,000,000 to educational institutions, and the East- 
man Kodak Company itself has made substantial gifts 
to the University of Rochester for specialized purposes, 
in addition to the previous smaller program of fellow- 
ships. 

A major purpose of the increased fellowship grants— 
and of other industries’ grants—is to augment the re- 
search activity of the universities, thus raising the qual- 
ity of instruction and enhancing the training of students 
becoming available for industrial positions. 

The new Eastman Kodak fellowships carry no provi- 
sion requiring the recipients subsequently to work for 
Kodak. 

Of the awards to be granted persons pursuing doc- 
toral training, one fellowship is designated for chemical 
engineering at the Massachusetts Institute of Tech- 
nology; another is for work in organic chemistry at the 
University of Illinois; and another is for the study of 
physical chemistry at the University of Rochester under 
the direction of Professor W. A. Noyes, Jr. 

The nine other fellowships for doctoral work—six in 
chemistry and three in physics—are to be rotated 
among various universities from year to year. 

Selection of recipients for any of these fellowships is to 
be the responsibility of the respective college or univer- 
sity where the fellowship is awarded for that particular 
college year. The only qualifications prescribed by the 
company are that the award shall be made on the basis 
of the recipient’s demonstrated ability in his major field, 
his soundness of character, the faculty’s confidence in 
him, his cooperativeness, and his financial need. 
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H. S. VAN KLOOSTER 


Rensselaer Polytechnic Institute 
Troy, New York 


PROFESSOR VAN ARKEL AND ONE OF His CLASSES IN CHEMISTRY AT LEIDEN 


FTER five years of enforced idleness the long- 

expected liberation has become a reality and the 
large-scale’ aid of the Allies has successfully overcome 
the most pressing food shortage. 

The problems of reconstruction have been tackled 
with energy, and among these also the task of resur- 
recting higher education. An immediate resumption 
of research was not possible, due to lack of gas, elec- 
tricity, and instruments, and in many cases also to the 
complete absence of outside publications (periodicals 
and books) for the period 1941 to 1945, and the disrup- 
tion of necessary contacts with the outside world. 

However, it was possible to resume, at least in part, 
lectures and some laboratory work at the universities 
for the thousands of young people of college age who 
had remained idle or had managed to go underground 
during the occupation. These, together with others 
who had returned from slave labor in Germany, were 
anxious to acquire an education and flocked in large 
numbers to the universities. : 

The lecture halls in Leiden were not able to absorb 
this large influx and in order not to disappoint large 
numbers of enrolled students, it was found necessary to 
organize short courses of two or three months’ duration. 
Other courses of study, of longer duration, will start 
in October and continue until June, 1946. 

In addition to these emergency courses, available 
only for sophomore students, regular freshmen courses 
will begin next October. 

Great difficulties are experienced on account of the 
housing shortage. No new construction has been 
undertaken since 1940, and an estimated occupation 


army of some 120,000 Canadians and Englishmen is 
still billeted in a country which has suffered the worst 
kind of wanton destruction and looting of any of the 
German-occupied territories. At Leiden male students 
are temporarily housed in laboratory attics. Some 
laboratories are used as dining halls and others as 
dormitories for coeds. The accompanying photo- 
graphs, which were supplied by Professor van Arkel, 
give a vivid picture of the somewhat primitive condi- 
tions under which the present-day university popula- 
tion carries on. 

Another pressing problem is the training of more 
advanced students and the resumption of research 
activities. Without outside help this will be impos- 
sible; many laboratories have suffered greatly from 
war damage and pilfering by retreating Germans. In 
many cases lathes, batteries, electtical equipment, 
chemicals, metals, and books have been removed. 

In view of the interest evinced in allied countries for 
the sufferings endured by the Dutch, it may be well to 
consider what can be done to give effective help to 
those in need. 

There are two needs to be filled: one, a general over- 
all deficiency which can be taken care of only through 
governmental action, and, second, a more specific one 
relating to several looted university laboratories which 
were directed by strongly anti-Nazi professors. Among 
these must be mentioned the physical laboratories at 
Wageninen (Professor Prins), Amsterdam (Professor 
Sizoo), Leiden (Professor de Haas), and the inorganic 
chemical laboratory at Leiden (Professor van Arkel). 
It has been suggested that certain American universi- 
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UNIVERSITIES 


ties and colleges whose scientific staffs are well ac- 
quainted with these laboratories undertake to aid in 
the early rehabilitation of these noted centers of re- 
search. Lists of urgently needed equipment could be 
readily secured and any material available in America 
sent to, and accumulated in, a suitable shipping center 
whence it would go directly to specified places of 
destination at the earliest possible moment. 

Material needs go hand in hand with spiritual needs. 
Professors who have been forced to go underground 
have completely lost contact with recent progress in 
their particular fields. On going back to their offices 
they find their laboratories bare of personnel and ma- 
tériel but overburdened with freshmen. There are no 
instructors who as a rule here, as elsewhere, are re- 
cruited from the supply of advanced students working 
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STUDENTS BEING FED From A COMMUNITY KITCHEN UNDER THE 
PERSONAL SUPERVISION OF PROFESSOR VAN ARKLE 


toward a doctor’s degree. What is urgently needed is 
a group of young graduates in physics, chemistry, and 
biology to teach for a limited time at Dutch universities 
to acquaint the new generation with the progress of 
science in Anglo-American countries and elsewhere 
during the past five years. 

Holland is grateful for the help already given. For 
the continuation of research in Holland! in the coming 
postwar years, it is hoped that American scientists can 
be found who are willing to take an active part in the 
scientific reconstruction of the land of van’t Hoff, van 
der Waals, Lorentz, and Zeeman. 





1 Dutch scientific achievements in the past century have been 
reviewed comprehensively in a compilation, edited by Barnouw 
and Landheer, published in 1943 by Querido, New York. 


Gift of Charles A. Browne Collection 
to the Edgar Fahs Smith Memorial Library 
University of Pennsylvania 


DR. Charles A. Browne of the U. S. Department of Agriculture, 
Washington, D. C., has presented a collection of rare books, 
manuscripts, portrait prints, and other chemical memorabilia to 
the Edgar Fahs Smith Library of the University of Pennsylvania. 
The gift is in memory of his parents, Charles Albert Browne, Sr., 
and Susan McCallum Browne. The material, which is the result 
of years of search by a discriminating collector, relates essentially 
to the historical development of the science of chemistry from 
alchemy to modern science. Approximately five hundred items 
are included. The volumes range in date from 1542 to the pres- 
ent. Many are extremely rare and are lacking in the Library of 
Congress and in other libraries in the United States. Included is 


an outstanding collection of the works of Frederick Accum 
(1769-1838); also rare Paracelsus and Robert Boyle items, and 
the works of numerous foreign and early American chemists. 
Among the letters are those of John Dalton, Robert Hare, Count 


Rumford, Michael Faraday, Wolcott Gibbs, Benjamin Silliman, 
and others. Many valuable engravings are included. 

The Edgar Fahs Smith Memorial Collection, outstanding in 
the field of the history of chemistry, is greatly enriched by Dr. 
Browne’s gift. The value of such a collection to teachers and to 
research workers is self-evident. A generous endowment pro- 
vided for the Edgar F. Smith Collection by Mrs. Margie A. 
Smith ensures its maintenance and growth. Its services are 
available to scholars everywhere and include reference data, 
photostat and microfilm material. 

Dr. Browne states that his donation is made in ‘‘the hope that 
it will help promote the cultural and humanistic values of chem- 
istry which were the ideals Dr. Smith always emphasized. It is 
my hope that the Smith Memorial Collection will continue to 
grow in acquisitions and become the chief center for all who are 
interested in the history of chemical science.” 
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EACHERS of chemistry must have a low estimate 

of the laboratory as a teaching adjunct of their 
courses. Otherwise why do they assign the job to their 
most inexperienced teachers? They have little con- 
fidence in their estimate of its contribution to the 
course’s achievement, and so allow its grade to count 
but 26 to 30 per cent on the total course mark,’ this 
in the face of the general practice® of scheduling 50 per 
cent of the instructional time for laboratory. 

Deans and their administrative committees are criti- 
cal of laboratory schedules, generally favoring the 
demonstration plan of instruction. This preference is 
quite understandable when the hour-for-hour cost‘ of 
laboratory instruction and equipment is about double 
that of other courses in the curriculum. The ad- 
ministrators seek to minimize this inflated cost of 
laboratory subjects by appraising laboratory teaching 
time as worth no more than half weight in computing 
the teacher’s instructional load. 

This discount of the laboratory as a part of our in- 
structional program is doubtless traceable to the failure 
of its proponents to produce objective evidence that the 
laboratory actually makes a distinctive contribution 
to the achievement of the courses to which it is ap- 
pended. The studies that have been made in an effort 
to get such evidence have, almost without exception, 
been with high-school students.’ The evidence, so se- 
cured, has generally been favorable to demonstration 
teaching rather than individual laboratory work. One 
of these studies® called attention to the failure of pre- 
vious investigations by reason of the inadequacy of the 
tests used. One of its conclusions is: ‘Written tests 
are not valid for detecting differences in methods of 
laboratory work.” Dr. O. M. Smith and colleagues at 
the Oklahoma A. & M. College made a study of three 
methods of teaching chemistry: individual laboratory, 
demonstration, and the lecture method divorced from 
any laboratory or demonstration helps.’ After a two- 
year investigation, they also stated: ‘‘Paper-and-pencil 


1 Prepared for the 1945 meeting-in-print of the Division of 
Chemical Education, American Chemical Society. 

2 Apams, C. S., ‘“‘The importance of laboratory work in general 
college chemistry, ” J. Cue. Epuc., 19, 269 (1942). 

3 HENDRICKS, B. CLIFFORD, “How we teach freshman college 
chemistry,” zbid., 12, 1191 (1925). 

4 Apams, C. S., loc. cit., p. 268. 

5 Knox, W. W,, “The demonstration method of teaching 
chemistry,” J. CHEM. Epvc., 13, 166 (1935). 

6 HorTON, R. E., “Measurable Outcomes of Individual Labo- 
ratory Work in High-School Chemistry,’’ Bureau of Publication 
Teachers College, Columbia University, New York, 1928. 

7 Burrows, J. Austin, “Methods of Laboratory Instruction.” 
Unpublished monograph, Oklahoma A. & M. College, Stillwater, 
1936. 
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measures of achievement in chemistry fail to show any 
consistent or marked advantage of individual labora- 
tory instruction over demonstration or lecture meth- 
ods.” In his review of the Cooperative College Chem- 
istry Testing Program for 1938-39 Dr. Martin pre- 
sented a chart of the relation of success in that test to 
the number of hours per week of laboratory work in 
the instructional program of the students tested. 
Judged from that graph four hours of laboratory work 
per week produced less successful students in college 
chemistry than three, and six hours per week of labora- 
tory work had less effect upon the students taking it 
than five hours per week. The inconsistency of these 
results does not inspire confidence in this test as a 
measure of laboratory outcomes. 

Thus it might appear that the refusal of both teach- 
ers and deans to accord laboratory instruction its proper 
recognition is due to the failure of the testing program. 
If practical and valid tests were available which would 
isolate and evaluate the distinctive contributions which 
the individual laboratory part of our teaching program 
makes to the total achievement in the course, the situa- 
tion described in the first two paragraphs of this paper 
could be corrected. 

Horton’s investigation® with his high-school students 
in 1928 and that of Smith and colleagues’ in 1936 agreed 
that laboratory performance tests do reveal outcomes 
from individual laboratory work which are distinctive 
and objectively ascertainable. Such tests might, on 
first thought, appear to solve the problem. However, 
laboratory performance tests are time consuming. 
The best that either study could attain was five or more 
minutes of teacher time per student examined. The 
disruption of the time schedules of teacher and stu- 
dents, and of stockroom service, makes such tests im- 
practical. 

Three qualities are desirable in tests: objectivity, 
validity, and practicality. The pencil-and-paper tests 
are acceptable so far as objectivity is concerned; the 
laboratory performance tests are valid measures of 
laboratory outcomes but are not practical for routine 
school use. It is necessary to improve either the 
practicality of the laboratory performance tests or the 
validity of the pencil-and-paper tests for laboratory 
purposes. The purpose of this paper is to follow the 
second of these two alternatives. Even if the resulting 
written test has a lower validity than that of the per- 
formance test it may have other assets that make such 
a reduced validity tolerable. 





8 Martin, F. D., J. Cuem. Epuc., 17, 6 (1940). 
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A more detailed examination of Horton’s report? re- 
veals a test form which he calls a ‘‘test of chemical judg- 
ment.’’ It is a pencil-and-paper test and its use, as 
shown by his tables, detects a real difference between 
routine individual laboratory achievement and that 
from what he calls the ‘“‘problem method of chemistry 
instruction.” Similarly, an inspection of the ‘‘labora- 
tory written test’’ scores from the Oklahoma study 
shows, for students with scaled intelligence scores of 
600 to 960, that there is a differentiation between the 
individual laboratory and the demonstration methods 
of instruction, as is also shown by the laboratory per- 
formance tests. 

Dr. Theodore Ashford’® made an analysis of the 
answers of students to the 1942 Cooperative College 
Chemistry Test. As a part of that analysis he com- 
puted the validity indexes for the total score of the 
items for section H, laboratory technique and proce- 
dure, by using groupings obtained by scores upon other 
sections of the test. The results are given in Table 1. 


TABLE 1 
Validity Index 
for Section H 
29 
.20 


Basis for Grouping 


Sections A and B (Information) 

Sections C and D (Application of principles) 
Sections F and G (Scientific method) 
Section E (Equations and problems) 

Section G (Theory) 

Section H (Laboratory) 

Test as a whole 


eooseccso 
N 
w 


Test technicians tell us that the higher the validity 
index the more valid that test is for obtaining a measure 
of that which is being measured by the base used for 
grouping. From this table it appears reasonable to 
conclude that section H is ranking students with refer- 
ence to something measurably different from that of 
other parts of the test. Whatever this ‘‘something”’ 
may be, there is encouragement for further trial of the 
paper-and-pencil tests of laboratory achievement. 

Knox"' has stated the problem to be solved very well: 
“A measuring instrument must be devised for determin- 
ing the educational product unobtainable without the 
laboratory method.” In the light of his statement 
laboratory objectives need to be screened for those 
whose attainment is impossible or definitely limited 
“without the laboratory method.’’ Horton concluded 
his study by saying he could determine ‘differences in 
ability (1) to manipulate apparatus, (2) to make experi- 
ments involving the use of apparatus, (3) to solve per- 
plexities or projects involving use of chemical facts in 
laboratory situations.’’ If his lead is followed the test 
desired will probe for those abilities which have to do 
with apparatus and chemicals and the solution of diffi- 
culties by appeal to laboratory situations. Would it 
be an oversimplification to impose upon each objective 
the requirement that it either express chemistry in 
terms of chemicals and equipment or that chemical 
substances and equipment be required to have chemical 





® Horton, R. E., loc. cit., p. 83. 
10 Personal communication to the author. 
11 Knox, W. W., loc. cit., p. 171. 


JOURNAL OF CHEMICAL EDUCATION 


meanings? One experienced teacher of chemistry says, 
“The laboratory trains one to understand the language 
of test tubes.”’ 

The statement of objectives in a form to be used 
readily in making test items requires that they should 
be phrased in terms of student behavior.!*:}* For 
laboratory objectives the statements should be in 
words of the behavior of students im the laboratory, 
either in person or by self-projection. In consequence 
the outcomes to be rated will be in terms of chemicals 
and apparatus and stated in a manner to involve a 
laboratory setting or situation. 

From an unpublished list of ‘‘objectives and out- 
comes’ prepared’ the summer of 1941 the following 
rephrased objectives are selected. They are stated in 
the language of behavior and they try to illustrate the 
use of apparatus or the ‘“‘laboratory situation’ in a 
paper-and-pencil test. With each, an illustrative test 
item is given with its validity index. 


Laboratory objective: Can the student read a measur- 


ing device with required precision? 
Test item: 


The volume of the liquid as read upon the buret diagrammed 
below is: 


1. 30.0 ml. 
2. 29.0 ml. 
3. 25.4 ml. 
4. 29.5 ml. 


Validity index of this item was found to be 0.34.1% 


ML. 


--35 _ 


ee 


| 
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Laboratory objective: Has the student skill in esti- 
mating amounts by weight, volume, or otherwise? 
Test item: 


Recalling that your graduate used in the laboratory has a 
volume of 25 ml., estimate the volume of an ordinary teaspoon: 
1. 1.0 ml. 
2. 2.0m. 
3. 10.0 ml. 
4. 4.0 ml. 
Validity index: 0.29. .S 





12 TyLER, RALPH W., ‘‘Formulating objectives for tests,” 
Ohio Educ. Research Bull., 12, 199 (19385). 

13 HENDRICKS, B. CLIFFORD, AND O. M. Situ, ‘‘Measurable 
objectives for general college chemistry,’’ School Sc. and Math., 
36, 747 (Oct., 1936). 

144 Anas, C. S., loc. cit., p. 267. 

18 These validity indexes were computed by use of 47 as- 
sociated items from a one-hour laboratory test. 

16 Ttems with a validity index of 0.20 or above are rated as 
useful contributors to the test as a whole. 
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Laboratory objective: Can the student bring the 
proper pieces of apparatus together for correctly doing an 
assigned laboratory task? 

Test item: 


Which of the following operations will require the greatest 
number of pieces of apparatus for its performance? (Count only 
the pieces of equipment that are absolutely essential for the pro- 
cedure suggested.) 

1. Crystallization 

2. Distillation 

3. Sublimation 

4. Measuring a liquid’s density 
Validity index: 0.35. 


Laboratory objective: Does the student know how to 
care for apparatus and keep it in usable shape? 
Test item: 


Sugar was heated in a pyrex test tube until only carbon re- 
mained. The deposit of carbon can be most readily removed by: 
1. Rubbing with steel wool 
2. Treating with aqua regia 
3. Boiling in nitric acid 
4. Washing with alcohol 
Validity index: 0.35. 


Laboratory objective: Does the student recognize and 
anticipate the hazards of the experiments which he per- 


forms? 


Test item: 


Which of the following experiments is most likely to result in a 
serious accident? 
Passing an electric spark through pure hydrogen in a 
tube 
2. Pouring concentrated sulfuric acid slowly into water 
3. Heating a mixture of charcoal with potassium chlorate 
4. Heating solid carbon dioxide (‘‘dry ice’’) over an open 
flame 
Validity index: 0.38. 


Laboratory objective: Can the student correctly choose 
the apparatus and the proper drying agent for gases? 
Test item: 


When ammonium hydroxide, NH,OH, is heated it is de- 
composed into water and ammonia, NH;. If ammonia is de- 
sired from the reaction the water will have to be absorbed. To 
accomplish this absorption which of the following pieces of appa- 
ratus will be best for holding the absorbent? 

1. Pneumatic trough 

2. Test tube 

3. Liter flask 

4. Acalcium chloride tube or a U tube 
Validity index: 0.50. 


Laboratory objective: Can the student correctly select 
apparatus for processing substances in terms of their 
differing heat constants? 


Test item: 
Some I,O; and Iz (both solids) are mixed together. It is desired 
to separate the free iodine from the oxide. It is known that 


1,0; decomposes at 300°C. and that I, boils at 183°C. It is de- 
cided to use a ??? bath to accomplish most effectively the separa- 
tion without loss or decomposition of the I,0;. Which of the 
following should be put into B, the beaker of the bath, to do the 
separation? (Note: The boiling points are given afte* the sub- 
stances.) 

1. Stannous chloride, SnCl.—b. p. 623°C. 


2. Glycerin, C;H;(OH);—b. p. 290°C. 

3. Water, HxO—b. p. 100°C. 

4. Carbon tetrachloride, CCl,—b. p. 190°C. 
Validity index: 0.25. 





Laboratory objective: Does the student correctly 
anticipate the effect of the change in conditions upon the 
outcome of his experiment? 

Test item: 


When the pressure in the apparatus, diagrammed below has 
become great enough to make the carbon dioxide gas bubble 
through the water in the test tube it will have pressed the acid 
back up into the thistle tube to the level marked by: 





te A; 
2, Be. 
a Gea. 
4, D, 





Validity index: 0.34. 


SOLUTION 


Laboratory objective: Does the student recognize the 
effect of the liquid of his pneumatic trough upon the purity 
of the gas collected over it? 

Test item: 


Some concentrated hydrochloric acid was poured into a test 
tube until the tube was partly filled and then thoroughly shaken. 
After the shaking it was completely filled with the acid and in- 
serted in the beaker as shown in the diagram on page 546. 
The upper end of the tube was then heated until the liquid had 
dropped as shown in the diagram. After the heating, the space 
S above the liquid contains: 

1. A mixture of hydrogen, oxygen, and water vapor 

2. A vacuum 

3. A mixture of water vapor and air 

4. A mixture of air, water vapor, and hydrogen chloride gas 
Validity index: 0.47. 
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It is assumed that correct answers to such items as 
these require ability gained from the laboratory rather 
than from other activities. There is no very objective 
evidence for this assumption. It is recognized that a 
validity based upon the scores of a laboratory perform- 
ance test covering the same objectives would be much 
more satisfying and is definitely the next step in the 
development of a pencil-and-paper test for laboratory 
achievement. However, the formulation of items that 
have creditable validity ascertained by groupings from 
scores upon the test as a whole will need to precede the 
more difficult validation through the assistance of the 
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laboratory performance test with its ensuing advantages. 

If a pencil-and-paper test can be developed that will 
have only a tolerable validity, it will help to determine 
what our chemistry teaching program is doing. To be 
specific, if we knew with some certainty just what our 
laboratory is doing for our students we could revise its 
procedures with more confidence and eliminate useless 
parts. A valid laboratory test would aid the teacher 
in convincing the student, who considers that a fat 
notebook is evidence of laboratory achievement, that 
an understanding mind is more important than a full 
notebook in success. And what a boon for that trans- 
fer student, whose previous laboratory course is an un- 
certainty, if the teacher could require that he demon- 
strate his laboratory achievement by taking a standard 
laboratory achievement test whose validity is accepted! 
A similar service for repeaters in college chemistry 
courses would probably reduce the number of those who 
are excused from laboratory during the ‘‘second ex- 
posure.’ It is also conceivable that a test might be 
prepared of such dependability that its score would re- 
veal parts of a laboratory course that a given student 
could delete from his laboratory program. 


Quartz Crystals in War and Peace 
FRANK CONNOR 


Department of Commerce, Washington, D. C. 


MANY millions of pounds of quartz crystals, vital element 
used to maintain the wave length or frequency of radio and radar 
equipment, were examined and graded during the war period in a 
special testing laboratory at the National Bureau of Standards, 
United States Department of Commerce. 

All crystalline quartz purchased by the Metals Reserve Com- 
pany for the Government is graded in this laboratory. More 
than 6,000,000 pounds of crystals have been examined and 
graded initially and upwards of 10,000,000 pounds examined and 
re-examined in an effort to make certain that no usable part of a 
crystal is discarded. 

The great bulk of quartz crystals used by the United States 
manufacturers of radio and radar equipment is imported from 
Brazil. When German U-boats were active in the Atlantic, the 
Caribbean, and the Gulf of Mexico shortly after Pearl Harbor, 
sinking American and Allied vessels right and left, this principal 
world source of crystalline quartz was temporarily cut off by sea. 

Resort was had to air transport and for months all quartz 
crystals from Brazil were flown in by commercial planes and mili- 
tary transports. To increase the flow of this essential material 
by air, large bombers were temporarily diverted from the task of 
bombing the Nazi and the Japanese and added to the air fleet 
flying over jungle and sea. 

The transportation of Brazilian quartz by air came high. 
Plane shipments were in specially constructed boxes weighing 50 
pounds. The freight rate was $1.50 per pound, or $75 per box. 
Meanwhile, the cost of crystals in Brazil had multiplied many 
times. Despite the high freight rate and material costs, how- 
ever, maintenance of volume shipments was imperative. The 


manufacturers of radio and radar equipment could not operate 
without crystals for oscillators and in their absence the Army 
and Navy could not maintain adequate communications. 

Every effort was made by the Government to find domestic 


deposits of quartz crystals of radio quality. Scientific scouts 
scoured the United States. Deposits were found in several 
states, the most promising in Arkansas. However, the Arkansas 
deposits have yielded only about 5000 pounds of crystals in any 
one year, while the armed forces were calling for millions of 
pounds to make certain no shortage would develop. Other 
foreign sources were sought and modest quantities found in 
Madagascar and elsewhere. But Brazil retains a virtual mon- 
opoly on readily available quartz crystals of high grade in the 
quantities required. The bulk of it comes from the Brazilian 
States of Bahia and Minas Geraes. 

It is of interest to note that in the immediate prewar years 
Japan was the, largest purchaser of Brazilian quartz crystals. 
In 1936 Japan purchased 153,000 pounds, Germany 23,000 
pounds, and the United States and Great Britain each 12,000 
pounds. In the following year Japan’s purchases aggregated 
204,000 pounds and there were smaller increases in shipments to 
the other countries. Orders from the United States increased 
substantially in 1940 and before Pearl Harbor had multiplied 
many times. 

How the National Bureau of Standards responded to the de- 
mand for more and more graded crystals is shown by the fact that 
in June, 1942, a total of 65,000 pounds was examined, while in 
June, 1943, the volume handled was 500,000 pounds, with the 
testing laboratory working on a 24-hour basis. 

The current output of the Bureau’s quartz laboratories is going 
into a stock pile for the armed forces, which ultimately will 
aggregate millions of pounds. The 113 manufacturing plants 
making radio and radar equipment are being supplied by private 
importers. This arrangement is in conformity with a policy 
under which the Government refrains from buying quartz which 
the private importers can handle. The importers are protected 
by an agreement under which the Government undertakes to 
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purchase for stock-piling purposes any excess inventories they 
may have on hand when the war ends. 

At present the government stock pile contains many hundreds 
of thousands of pounds of graded quartz crystals ready for instant 
shipment. The current output of the testing laboratory goes 
into a chain of warehouses which, for security reasons, are located 
in different sections of the country. 

Operations at the Bureau’s testing laboratory have been re- 
duced to one 8-hour shift, with the volume of graded crystals 
going into government stock pile averaging about 60,000 pounds 
per month. A much larger volume could be handled and the 
stock pile built up more rapidly, but as long as private importers 
keep the industry adequately supplied, the Government avoids 
competition for available supplies. The reserves now held in 
one of the several government warehouses are sufficient to keep 
the industry going for many months if an emergency should arise. 

Quartz is‘a crystalline form of silica showing certain well- 
defined constants. The crystals are next to topaz in hardness, 
but will fracture readily if dropped on a hard surface. Conse- 
quently, the deft-fingered women, who constitute the larger part 
of the inspection staff, handle them with great care. 











Crystals are examined for various defects which would dis- 
qualify them for use in a finished oscillator—the heart of radio 
and radar equipment which fixes the frequency of operation. 
An oscillator plate or bar when correctly cut from the mother 
crystal can be fabricated so as to give any one desired frequency 
out of a very considerable range. When inserted in a trans- 
mitter or a receiver, it maintains indefinitely the frequency for 
which it was designed. 

Each military radio, for example, is equipped with a set of 
quartz oscillator units of various frequencies in order that the 
user may keep in contact with his own force and yet not reveal 
his presence, position, or plans to the enemy. Where communi- 
cations are interrupted on one frequency, another oscillator unit 
having a different frequency is always handy. Interference may 
be artificial—created by the enemy—or from natural forces. 
But always there is another oscillator to plug in on a frequency 
where interference is not present. A great bomber winging over 
the Pacific probably carries a hundred oscillator units, while a 
lumbering tank carries them by the dozen. 

To inspect a piece of quartz properly, it must be immersed in 
liquid. The liquid, having approximately the same index of re- 
fraction as the crystal, prevents reflections of the inspection 
lights from the quartz surfaces. This permits the inspector to 
look into the crystal, spot defects if any exist, and determine its 
quality and grade. A water-white mineral oil has proved most 
satisfactory as a liquid bath. The oil is refiltered frequently to 
remove any particles of dirt or sediment which might interfere 
with the testing. 

To detect and estimate the extent of inclusions—foreign chemi- 
cal material in a crystal—a beam of white light from a carbon arc 
lamp is introduced into the oil bath through a glass window in 
the side of the small tank which holds the oil. The inspectors 
are expert and the presence of any disqualifying defects in a 
crystal is quickly discovered. On the other hand, the inspectors 
never cease being delighted when a perfect crystal is examined. 

A defect not infrequently found is known as optical twinning, 
which describes the occurrence of both left- and right-hand quartz 
in a single crystal. To detect and estimate the extent of optical 
twinning, the presence of which renders the material unusable for 
oscillator purposes, plane polarized light isused. In this instance 
the light source is a mercury vapor lamp located under the oil 
bath. Ordinary or unpolarized light has vibrations in all direc- 
tions perpendicular to the ray, while in polarized light the paths 
of the vibrations are in a single plane. The mercury light is 
polarized as it enters the tank by passage through a sheet of 
“Polaroid.’”’ The crystal is then examined under an analyzing 
sheet of ‘‘Polaroid’’ attached to the top of the tank. 

In addition to optical twinning, quartz may also be defective 
owing to the presence of electrical twinning, tests for which are 
made by the manufacturers during the cutting stages of fabrica- 
tion. The Bureau’s testing laboratory confines itself to the direct 
visual examination of raw quartz. 
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While twinned portions might be considered inclusions in the 
mother crystal, the term usually refers to foreign material occur- 


ring in the solid, liquid, or gaseous states. The presence of these 
inclusions in a finished oscillator affects its performance by alter- 
ing its electromechanical properties to the extent that the crystal 
vibrates at an undesired frequency, fractures during acceptance 
tests or later, or fails to show any response to the impressed alter- 
nating current, 

One example of these defects is the phenomenon of phantom 
crystals. These appear as if several crystals of various sizes but 
of the same orientation had grown within the mother crystal. 
Actually, they mark stages in the interrupted growth of the 
crystal and the phantom faces were once external faces that 
became weathered and stained with foreign matter during a 
period when conditions were not favorable to crystal growth. 
Similar signs of intermittent growth are seen in some colored 
crystals, in which the inner crystals are outlined by variations in 
the depth of color. 

Another example is that in which ‘“‘blue needles” occur in pairs 
apparently originating from a tiny bubble. Many inclusions 
have a needle-like appearance and are referred to under the 
general term of needles. These range in size from gross inclusions 
having a diameter and length comparable to a lead pencil to tiny 
pale-blue needles which can be seen only under certain conditions 
of illumination, and then only with difficulty. 

The larger needles may consist of either tourmaline or rutile, 
and the inclusion of either of these minerals in a piece of quartz 
completely blocks its piezo (pressure) electric effect, making it 
unusable as an oscillator. On the other hand, the nature of the 
much smaller blue needles has never been definitely determined. 
This defect does not disqualify quartz for use in the manufacture 
of oscillator plates unless the defect is present in excessive amount. 

Bubbles are among the defects occurring in quartz. They 
appear in a wide range of sizes and number. Quartz containing a 
large number of bubbles per unit volume appears milky white. 
Small scattered bubbles have about the same effect on the usabil- 
ity of quartz as have blue needles. 

The carbon lamp also reveals a defect known as incipient 
fractures. Material containing this defect appears to have a 
grainy structure somewhat comparable to the appearance of 
weathered ice. Crystals containing incipient fractures are re- 
jected because of mechanical weakness and also because such 
crystals may show extensive electrical twinning. 

Other visual defects which have irregular forms, some appear- 
ing as scales or mosslike aggregates, have been analyzed and 
found to be oxides and sulfides of iron or magnesium-aluminum 
silicates. None of these foreign materials can be included in a 
finished oscillator. Raw crystals containing them are held out 
for salvage by trimming off the impure portion where possible, or 
they are consigned to the below-grade stock. These salvage 
operations recover a substantial amount of material of radio 
quality. 

The Bureau laboratory has on hand one crystal that weighs 270 
pounds, too large to be handled through its present testing equip- 
ment. Most of the crystals inspected are+comparatively small. 
Crystals weighing up into the tons have been mined. 

Radio-quality quartz is defined as National Bureau of Stand- 
ards grades 1 and 2, 30 per cent usable or better in sizes 200 g. 
and up. Below 200 g., material 80 per cent eye clean or better 
is considered radio quality. 

One development in the industry which has resulted from the 
war is that manufacturers are using crystals smaller than were 
previously used. For example, the use of quartz crystals down 
to 40 g. in weight was not considered practical even two years 
ago. It is now common practice. 

Finished crystal-oscillator specifications have become more 
exacting, requiring much closer inspection. The efficiency of 
the industry in terms of plates per pound has greatly increased. 

The number of plants manufacturing radio and radar equip- 
ment in which oscillator plates are used has multiplied several 
times during the war and the output runs into tens of millions of 
quartz crystal plates each year.—Reprinted from Domestic Com- 
merce (September, 1945) 








A Simplified Electronic Interpretation 
of Oxidation-Reduction for Use 
in Teaching Organic Chemistry 


DONALD C. GREGG 


Amherst College, Amherst, Massachusetts 


URING the past decade there has been a trend in 
the teaching of inorganic chemistry, in the direc- 
tion of an increased emphasis on the concept of oxida- 
tion-reduction in the study of the reactions of atoms 
and molecules. The pedagogical importance of a clear 
conception of oxidation-reduction is apparent to all 
teachers of chemistry. The recognition of oxidation as 
a loss of electrons and of reduction as a gain of electrons 
is so basic, and essentially so readily understandable, 
that average students have little difficulty in compre- 
hending the fundamentals of the process of oxidation 
and reduction during their general chemistry course. 
However, when the student commences his study of 
organic chemistry he finds that many organic chemistry 
texts place little emphasis on any explanation of the 
process of oxidation or reduction as it is applied to the 
reactions of the compounds of carbon. At least three 
books do emphasize oxidation-reduction; namely, 
Degering’s ‘‘Fundamental Organic Chemistry,’’ Cher- 
onis’ ‘Organic Chemistry,” and McGavock’s “Organic 
Oxidation-Reduction Reactions.’”’ The student may 
wonder why chlorine and bromine are not given better 
billing as oxidizing agents, while oxygen is given much 
consideration. Chlorine and bromine are said to be 
capable of causing substitution reactions or addition 
reactions. However, many times no mention is made 
of any oxidation as a result of the action of the halogen 
on the organic compound. The student might be able 
to appreciate many organic reactions more fully if he 
recognized these reactions as oxidation-reduction re- 
actions. 

In an attempt to assist the student, it is suggested 
that covalence be used to signify the number of co- 
valent bonds that are attached to the carbon atom. It 
is also suggested that an oxidation number be employed 
to designate the oxidation state of the atom. This 
oxidation number indicates the extent to which the free 
uncombined atom has been altered by a gain or a loss of 
electrons; therefore, the oxidation number of the free, 
uncombined atom is zero. A carbon atom in the dia- 
mond and in the graphite lattice accepts from neighbor- 
ing carbon atoms the same number of electrons that it 
donates to these atoms. The oxidation number of a cer- 
tain atom, as the atom exists in one of its compounds, 
may also be zero if the number of electrons which have 
been accepted by the atom equals the number that have 
been donated by the atom. An atom which has lost 
two electrons has an oxidation number of +2, while an 
atom which has gained two electrons has an oxidation 


number of —2. A carbon atom that is completely re- 
duced has an oxidation number of —4, as in methane. 
A carbon atom that is completely oxidized has an oxida- 
tion number of +4, as in carbon dioxide. Obviously, 
any carbon atom that has an oxidation number less than 
+4 can be oxidized and any carbon atom that has an 
oxidation number greater than —4 can be reduced. 

The student usually has difficulty in the formulation 
of a clear conception of the process of oxidation and re- 
duction with respect to the formation of covalent com- 
pounds where there is no complete transfer of electrons 
from one atom to another. The fact that carbon forms 
covalent-bonded compounds makes it imperative that 
the student understand this process completely. He 
must appreciate that the covalent bond is a cooperative 
enterprise, as the electrons which compose the hypo- 
thetical bond are shared by the two atoms that are in- 
volved. The covalent bond would not have formed had 
not one atom been able to accept one or more electrons 
from a good electron donor. The atom which is the 
electron acceptor is, in a sense, gaining an electron by 
sharing this electron with the electron donor. The 
electron donor is donating an electron to the electron 
acceptor by allowing the latter to share the electron. 
Carbon can act both as an electron donor and as an 
electron acceptor. 

The initial discussion of the oxidation of the organic 
compounds might well merit a consideration of carbon 
itself. The combustion of carbon is a simple example. 
An oxygen atom needs to accept only two electrons to 
attain a stable octet. A carbon atom must donate, or 
lose, all four electrons in its highest energy level to be 
completely oxidized. Therefore, the oxidation of carbon 
by oxygen might be expected to proceed in two steps, a 
partial oxidation of the carbon atom by one oxygen 
atom and the complete oxidation of the carbon atom by 
a second oxygen atom. Carbon monoxide is the partial 
oxidation product. To produce this compound, a car- 
bon atom has apparently donated two electrons and so 
in carbon monoxide it has an oxidation number of +2. 
The final oxidation product is carbon dioxide in which 
the oxidation number of the carbon atom is +4. 


H HHH HH H H 
H:C:H H:C:C:C:H H:C:C::C:H H:C:C:::C:H 
Methane Propane Propene Propyne 


The complete oxidation of the hydrocarbons, with 
oxygen as the electron acceptor, may be demonstrated 
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by using methane, propane, propene, and propyne as 
typical hydrocarbons. To be oxidized completely, the 
carbon atom in the methane molecule must lose, or 
donate, the four electrons received by it from the four 
hydrogen atoms, plus the four electrons it has as a 
simple carbon atom, a total of eight electrons. As each 
oxygen atom can accept only two electrons, it is obvious 
that four oxygen atoms are necessary. In the propane 
molecule, each terminal carbon atom must lose seven 
electrons, and the central carbon atom must lose six 
electrons, a total of twenty electrons. Therefore ten 
oxygen atoms are necessary. The complete oxidation 
of propene and propyne may be demonstrated using 
this pattern. In all the above oxidations the oxygen 
atoms also accept the electrons of the hydrogen atoms. 
Therefore, water and carbon dioxide are the products 
of the complete oxidation of the hydrocarbons. The 
student should realize that each carbon-hydrogen 
(C—H) bond indicates that the carbon atom must lose 
two electrons. Also, each carbon-carbon (C—C) bond 
indicates that, collectively, two carbon atoms must lose 
two electrons. Therefore, the student may total the 
number of (C—H) and (C—C) bonds in the molecule. 
This total equals the number of electron pairs to be 
lost, or the number of oxygen atoms necessary for the 
complete oxidation of the hydrocarbon. Those mole- 
cules that exhibit an oscillating electronic configuration 
may not have a well-defined covalent structure. 
Usually, however, a hypothetical covalent configura- 
tion, that satisfies the conditions, may be written. 

The above formulation may also be extended to those 
compounds that contain oxygen atoms. It seems best 
to limit the method, as with the halogen and nitrogen 
compounds the oxidation by oxygen may not be so 
easily demonstrated so early in the discussion. 


H 
nC 
H HE 
H:¢C: Hi H;€ CC 
H:¢:C:6: Cs: H:€:¢:¢:C:H H:¢:o 
HHHHH HHH H 
n-Pentane Isopentane Neopentane 


A consideration of the pentanes indicates that each 
of the three isomers must lose the same number of elec- 
trons to be completely oxidized. However, inspection 
of the formula of each isomer indicates that the number 
of electrons to be lost by each carbon atom is not the 
same in all the isomers. Some carbon atoms are in 
different oxidation states, although the three isomers 
are in the same oxidation state relative to the completely 
oxidized state. Each molecule, considered as a definite 
skeletal arrangement of five carbons, is completely re- 
duced. While the oxidation state of the three molecules 
is clear, the oxidation state of the individual carbon 
atoms in the molecules is rather complicated. The pic- 
ture is even more complicated in the case of thoSe mole- 
cules where the number of isomers is much greater. 
With the intention to simplify a discussion of oxidation- 
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reduction with respect to organic compounds, it is sug- 
gested that the primary consideration be that of the 
oxidation state of the molecule rather than the oxida- 
tion state of the individual carbon atoms in the mole- 
cule. This appears to be a reasonable alternative since 
most of the more common oxidation-reduction reactions 
do not result in an alteration of the basic skeletal orien- 
tation of the molecule. 

Every acyclic compound may be considered as a rela- 
tive of some acyclic saturated hydrocarbon. This 
saturated hydrocarbon is usually designated as the 
parent compound. This compound, as a unit, is satu- 
rated with hydrogen atoms and is completely reduced. 
To give this type of molecule a definite designation in 
the scheme, it is suggested that ‘‘zero oxidation state’’ 
be used. The cycloparaffins are usually considered as 
the parent substances of the alicyclic compounds. Ben- 
zene is usually considered as the parent substance of the 
aromatic compounds. The cycloparaffins and benzene 
cannot, however, be considered as completely reduced 
or to be in the zero oxidation state. The extent of oxi- 
dation, or oxidation state, of an organic compound may 
be determined by a comparison of its graphic formula 
with that of the parent compound. The student will 
probably recognize the fact that, generally, isomers of a 
compound of carbon are in the same oxidation state. 
The groups or atoms that are attached to each carbon 
atom provide some indication at least of the oxidation 
number of each carbon atom. 

The stepwise oxidation of methane (oxygen as elec- 
tron acceptor) is commonly employed to indicate the 
various types of partial oxidation products exhibited by 
the acyclic hydrocarbons. The complete oxidation of 
carbon requires two oxygen atoms, and one partial 
oxidation product is recognized. If the complete oxida- 
tion of methane requires four oxygen atoms, then three 
partial oxidation products may be expected. The first 
step in the oxidation of methane involves the donation 
of two electrons to one oxygen atom; the product is 
methanol. The oxidation of methanol, due to the 
acceptance of two electrons by one oxygen atom, pro- 
duces methanal and water. The loss of two electrons 
from methanal produces methanoic acid. The oxida- 
tion of methanoic acid produces carbonic acid (carbon 
dioxide and water). The above reactions indicate that, 
at least for methane, an alcohol is the product of the first 
stage of oxidation, an aldehyde of the second stage, a 
carboxylic acid of the third stage, and carbon dioxide 
and water of the final stage. 

The stepwise oxidation of ethane is somewhat more 
complex, due to the presence of two carbon atoms in 
the molecule. The two carbon atoms may have differ- 
ent oxidation numbers as they may have different atoms 
or groups of atoms attached to them. However, since 
seven oxygen atoms are necessary for the complete oxi- 
dation of ethane, it is not surprising that compounds 
exist to represent each of the six intermediate oxidation 
states. Ethanol is the initial oxidation product in the 
first oxidation state. It matters little which carbon 


atom donates the two electrons as both atoms are 
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equivalent. If one carbon atom in ethane loses four 
electrons, the product is ethanal, acetaldehyde. If, 
during other reactions, both carbon atoms in the 
ethane molecule lose two electrons, the compound pro- 
duced is ethylene glycol. The ethane molecule loses 
four electrons in either case and, therefore, acetalde- 
hyde and ethylene glycol are in the Second oxidation 
state. If one carbon atom in ethane loses six electrons, 
the product is acetic acid, in the third oxidation state. 
If one carbon atom loses four electrons, and the other 
carbon atom loses two electrons, the product is hy- 
droxyacetaldehyde, also in the third state. Obviously, 
neither carbon atom can lose more than six electrons 
without causing a destruction of the (C—C) bond. If 
both carbon atoms lose four electrons, the product is 
glyoxal, in the fourth oxidation state. If one carbon 
atom loses six electrons, and the other carbon atom loses 
two electrons, the product is glycolic acid, also in the 
fourth state. If one carbon atom loses six electrons, 
and the other loses four, the product is glyoxylic acid, 
in the fifth oxidation state. If both carbon atoms lose 
six electrons, the product is oxalic acid, in the sixth 
oxidation state. Oxidation of oxalic acid involves the 
loss of one electron from each carbon atom and produces 
carbon dioxide and water, the final oxidation state. 

The stepwise oxidation of propane and butane is per- 
haps even more complex than in the case of ethane. 
However, the basic ideas are illustrated in the above 
paragraph. The student will realize that the course of 
certain oxidations, with respect to many molecules, is 
not easily predictable and often causes a rupture of 
carbon-carbon bonds in the molecule. Therefore no 
general pattern is formulated. 

The above discussion indicates that all acyclic mono- 
hydric alcohols are in the first oxidation state. The 
acyclic oxygen ethers are also in the first oxidation state 
as they are isomers of the monohydric alcohols. The 
aldehydes, enols, ketones, glycols, acetals, and diols are 
in the second oxidation state. The monocarboxylic 
acids, the hydroxy aldehydes, the hydroxy ketones, and 
the trihydric alcohols are in the third oxidation state. 
The other oxidation states may be elaborated as de- 
sired. The reason for the existence of different com- 
pounds in the same oxidation state should be obvious. 
The ease and the path of oxidation of each type of com- 
pound may be demonstrated as the need becomes appar- 
ent. 


H 

HH Bon ‘vases 
meCn. wel: Co (SNS ORSAY Gg: I HCC 

HH HH 
Ethane Ethylene Acetylene Cyclopropane 


The acyclic saturated hydrocarbons have been 
placed in the lowest oxidation state. What, then, con- 
cerning the olefins, acetylenes, and the cyclic hydro- 
carbons? The electronic formula of the simplest stable 
olefin, ethylene, indicates that the ethylene molecule 
has two electrons less than the ethane molecule. 
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Ethylene is therefore in the first oxidation state, as is 
ethanol. This fact is illustrated by the dehydration of 
ethanol to produce ethylene and by the hydration of 
ethylene to produce ethanol. The student should real- 
ize that hydration and dehydration are not oxidation- 
reduction reactions. The dienes are in the same oxida- 
tion state as the glycols, enols, aldehydes, and ketones, 
the second oxidation state. The trienes are in the same 
state as the triols, carboxylic acids, etc. 

The electronic formula of acetylene, the simplest 
alkyne, indicates that the acetylene molecule has four 
electrons less than the ethane molecule; therefore, 
acetylene is in the second oxidation state. The hydra- 
tion of acetylene to produce acetaldehyde, which is also 
in the second oxidation state, may be used to demon- 
strate this fact. The acyclic hydrocarbons which con- 
tain one acetylenic nucleus are in the second oxidation 
state, the diynes are in the fourth oxidation state, etc. 

The electronic formula of the cyclopropane molecule 
indicates that cyclopropane has two electrons less than 
propane. This suggests that cyclopropane is in the first 
oxidation state. The reduction of cyclopropane by two 
hydrogen atoms produces propane. The cyclization 
of some olefins, which are in the first oxidation state, 
produces a cycloparaffin. An intramolecular cycliza- 
tion does not cause the molecule to lose or to gain elec- 
trons. A cyclic olefin with one double bond is in the 
second oxidation state, a cyclodiene is in the third state, 
and a cyclotriene is in the fourth state. Benzene re- 
quires four less oxygen atoms than does hexane for com- 
plete oxidation. This fact would also place the oxida- 
tion state of benzene four states above hexane. 

The oxidation of ethylene with oxygen is accom- 
plished by employing a high temperature and a silver 
catalyst. The oxygen atom accepts two electrons from 
the ethylene molecule. The product, ethylene oxide, 
is in the second oxidation state. The ready hydrolysis 
of ethylene oxide in dilute acid to produce ethylene 
glycol also illustrates that this is correct. The oxida- 
tion of ethylene by permanganate ion in neutral solu- 
tion, and also by hypochlorous acid, both produce a 
compound in the second oxidation state. The oxida- 
tion of ethylene by permanganate ion in acidic solution 
may cause a rupture of the molecule. However, all 
products will be in higher oxidation states than ethyl- 
ene. 

All students recognize the halogen elements as good 
electron acceptors, or good oxidizing agents. There- 
fore, they should expect that whenever a halogen reacts 
with a compound of carbon, the process is an oxidation- 
reduction reaction. The oxidation of carbon monoxide 
by chlorine is a good example. The carbon in carbon 
monoxide donates two electrons to two chlorine atoms. 
Phosgene is produced. Phosgene hydrolyzes readily, 
and carbon dioxide and hydrochloric acid are pro- 
duced. Carbon dioxide and phosgene are therefore in 
the same oxidation state. 

The oxidation of methane (chlorine as electron ac- 
ceptor) may be used to demonstrate the partial oxida- 
tion products of the acyclic saturated hydrocarbons. 
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Chlorine may react with methane with explosive vio- 
lence unless conditions are controlled. As mentioned 
previously, the complete oxidation of methane is at- 
tained after the carbon atom has lost eight electrons. 
Each chlorine molecule after dissociation can accept only 
two electrons. Therefore, four chlorine molecules are 
necessary to oxidize methane completely. A partial 
oxidation of methane with two chlorine molecules, a 
loss of four electrons by the carbon atom, produces 
free carbon and four molecules of hydrogen chloride. 
Apparently the carbon atom loses the hydrogen elec- 
trons. Complete oxidation of methane with four mole- 
cules of chlorine produces carbon tetrachloride and four 
molecules of hydrogen chloride. The first stage of oxi- 
dation of methane produces chloromethane and one 
molecule of hydrogen chloride. To allow a chlorine 
atom to be attached to the carbon atom, the latter must 
donate the hydrogen atom’s electron and one of its own. 
Chloromethane is in the first oxidation state, as is 
methanol. Therefore it is not surprising that the alkyl 
monohalides are transformed into monohydric alcohols 
during hydrolysis. Dichloromethane is in the second 
oxidation state. The hydrolytic reactions of the alkyl 
dihalides, considering the various position isomers, 
produce the aldehydes, ketones, and diols which are 
also in the second oxidation state. Trichloromethane 
is in the third oxidation state, and tetrachloromethane 
is in the highest oxidation state. Many organic halides 
are not easily hydrolyzed, especially the aryl halides. 
However, many of these halides, by using more drastic 
conditions, can be converted to oxy compounds. The 
organic halide, if hydrolysis is possible is converted to 
an oxygen compound that is in the same oxidation state 
as the halide. Most alcohols, some aldehydes, and some 
ketones may be converted to their corresponding halide 
by using a phosphorus trihalide or pentahalide. These 
conversions do not involve an oxidation or reduction. 
The student will recall that many inorganic halides 
hydrolyze very easily and are converted to oxygen com- 
pounds which are in the same oxidation state as the in- 
organic halide. 

The initial oxidation of an alkene by chlorine and 
bromine usually proceeds in a well-defined manner due 
to the seat of unsaturation which exists in all olefins. 
Bromine and chlorine oxidize most olefins readily, 
iodine not so well. This behavior of iodine may be due 
to the fact that it is a poor electron.acceptor. The oxi- 
dation of ethylene, using bromine as the electron 
acceptor, produces ethylene dibromide. Hydrogen 
bromide is not formed during the reaction as the ethyl- 
ene molecule can donate two electrons without losing an 
electron of a hydrogen atom. One bromine molecule 
accepts two electrons from the ethylene molecule dur- 
ing the oxidation. Therefore ethylene dibromide is in 
the second oxidation state. 

The reversible reactions which involve the addition 
of the hydrogen halides, of sulfuric acid, and of water 
to an olefin do not cause an oxidation or a reduction of 
the olefin. This is not surprising as these reagents are 
not usually classed as good oxidizing agents. Hypo- 
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chlorous and hypobromous acid do oxidize the olefins 
to halohydrins. Fuming sulfuric acid under certain 
conditions may oxidize certain olefins. Concentrated 
nitric acid and certain oxides of nitrogen may also 
oxidize certain olefins. 

The oxidation of an alkyne by chlorine and bromine 
occurs very readily. A partial oxidation of acetylene 
by one molecule of chlorine produces acetylene di- 
chloride. The chlorine, after dissociation, accepts two 
electrons from the acetylene molecule. For that reason 
acetylene dichloride is in the third oxidation state. 
Oxidation of acetylene by two molecules of chlorine 
produces acetylene tetrachloride (symm. tetrachloro- 
ethane), a compound in the fourth oxidation state. 
Further oxidation is possible as the two hydrogen atoms 
that remain may be substituted by chlorine. 

Nitrogen is not usually considered as a good electron 
acceptor. However, the production of hydrogen cya- 
nide from the paraffin hydrocarbons has been given much 
attention. In the electric arc a small yield of hydrogen 
cyanide and hydrogen may be obtained by the reaction 
of methane with nitrogen. The carbon atom in the 
methane molecule is oxidized to the third oxidation 
state, the nitrogen atom in hydrogen cyanide is com- 
pletely reduced. The alkyl cyanides, or mononitriles, 
are in the third oxidation state, and for that reason 
they are converted to carboxylic acids by hydrolysis. 
Nitrogen accepts electrons from carbon at a high tem- 
perature in the presence of sodium carbonate (Bucher 
process). A fairly high yield of sodium cyanide is ob- 
tained. Hydrolysis of the latter produces sodium for- 
mate and ammonia. 

Concentrated and fuming nitric acid are considered 
as good oxidizing agents. The vapor phase nitration of 
certain paraffin hydrocarbons with nitric acid produces 
the nitroparaffins and water. Nitroparaffins may also 
be prepared by treating an alkyl bromide with silver 
nitrite; silver bromide is also produced. The latter 
metathetical reaction indicates that the oxidation state 
of the nitrogen atom in the nitro group is the same as 
it is in nitrite ion, a lower state than in nitrate ion. The 
nitroparaffin is apparently in the same oxidation state 
as the alkyl bromide. The removal of the hydrogen 
atom from the hydrocarbon, and+ the removal of the 
(OH) group from the nitric acid, cause the carbon atom 
to lose an electron donor and receive an electron ac- 
ceptor. The nitration of the aromatic hydrocarbons 
may involve an addition of nitric acid to the hydro- 
carbon, the (NO:) group going to one carbon, the 
(OH) group to an adjacent carbon. This type of oxida- 
tion is analogous to the addition of hypochlorous acid 
(HOCI) to an olefin. Subsequent removal of water 
from the aromatic nitric acid addition product would 
not cause a change in the oxidation state of the mole- 
cule. 

Sulfur is not so good an electron acceptor as oxygen. 
However, after prolonged heating with sulfur at 300 
to 350°C. n-butane yields some thiophene. Hydrogen 
sulfide is evolved when paraffin wax is heated with sulfur 
at 160°. Above 200°C. both hydrogen sulfide and 
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carbon disulfide are produced. The presence of carbon 
disulfide indicates that at least some carbon atoms have 
donated all their electrons. Intermediate oxidation 
products of the hydrocarbons are seldom isolated. 
Sulfur also reacts with many olefins when heated. The 
true identity of the compounds that are formed is un- 
certain. The cycloparaffins are oxidized, when heated 
with sulfur, to cyclic olefins. The dehydrogenation of 
reduced cyclic compounds with sulfur and with selenium 
is very useful in the solution of certain synthetic and 
structural problems. The sulfur analogs of the oxygen 
compounds may be considered to be in the same oxida- 
tion state, with respect to the carbon atoms, as the oxy 
compounds. 

Concentrated sulfuric acid and fuming sulfuric are 
considered as fairly good oxidizing agents under certain 
conditions. Fuming sulfuric acid can, at elevated 
temperatures, sulfonate certain paraffin hydrocarbons. 
The sulfonation of aromatic hydrocarbonis is, of course, 
much easier. Certain alkyl sodium sulfonates may also 
be prepared by treating an alkyl halide with sodium 
sulfite. This latter reaction demonstrates that the sul- 
fur atom in the sulfonate group is in the same oxidation 
state as in sulfite ion. The carbon atom to which the 
sulfur is attached appears to be in the same oxidation 
state as the alkyl halide. Sulfonation is a reaction in 
which the hydrocarbon is oxidized and the sulfur atom 
in the sulfuric acid is reduced. 

The reduction of carbon and of carbon compounds 
should be correlated at appropriate intervals with the 
oxidation of the compounds of carbon. The reduction 
of carbon by certain metals at high temperatures pro- 
duces the carbides. The main Group I metals produce 
carbides of the general formula M;C2, in which appar- 
ently each metal atom donates one electron to the two 
carbon atoms. In the acetylene molecule two carbon 
atoms also accept two electrons, from hydrogen atoms 
however. These M2C: carbides when hydrolyzed are 
converted to acetylene. The main Group II metals 
(except beryllium) form carbides of the general formula 
MC». Itis easy to understand why these MC, carbides 
also hydrolyze to acetylene. Beryllium carbide, Be,C; 
aluminum carbide, AlC3; titanium carbide, TiC, and 
several others are carbides in which the carbon atoms 
have accepted four electrons. As the carbon atoms 
are completely reduced, these carbides are converted to 
methane by hydrolysis. The reduction of carbon by 
hydrogen to produce methane is reasonably practicable 
at a moderate temperature (400°C.) and a high pres- 
sure. 

The student will recognize during his study of organic 
chemistry that hydrogen and reaction systems which 
produce hydrogen are the universal reductants of the 
compounds of carbon. The student must not, how- 
ever, overlook the active metals as possible electron 
donors. Zinc, sodium, and magnesium are used most 


widely as reducing agents in organic synthesis. The 
organic halides are usually reduced quite easily by these 
This reduction process in most cases is a sub- 


metals. 
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stitution on a carbon atom of an electron donor in place 
of a strong electron acceptor. 

There are many types of reactions that may be dis- 
cussed to illustrate the use of the above metals as re- 
ducing agents. The reduction by zinc of the vicinal 
acyclic dihalides to olefins, the vicinal tetrahalides to 
acetylenes, trimethylene bromide to cyclopropane, and 
of hexachloroethane to carbon and zinc chloride are a 
few simple examples. The reduction of certain alkyl 
and aryl halides by sodium (Wurtz and Wurtz-Fittig 
reaction) is a good example of the use of sodium as a re- 
ducing agent. The reduction of alkyl and aryl bro- 
mides and iodides by magnesium metal in dry ether isone 
of the classical reactions in organic chemistry. There 
are, of course, many more examples, but the above may 
remain with the student somewhat longer than some 
others. 

The student probably recalls the process of elec- 
trolysis as the classical example of oxidation and reduc- 
tion. There are several instances mentioned in the 
chemical literature concerning the use of electrolysis 
in organic synthesis. The electrolysis of an aqueous 
solution of sodium acetate (Kolbe process) is an interest- 
ing example. 

Pyrolytic reactions which involve the rupture of a 
carbon-carbon bond might be discussed. The initial 
pyrolysis of a paraffin hydrocarbon usually produces, 
for each (C—C) bond broken, a paraffin and an olefin. 
After splitting and during the subsequent rearrange- 
ment, it appears that one carbon atom gains a hydrogen 
atom from another carbon atom. If so, one carbon 
atom is reduced, the other is oxidized. The splitting 
of a (C—H) bond by pyrolysis causes dehydrogenation 
of the carbon atom. Strong pyrolysis of a hydrocarbon 
may produce a relatively large quantity of carbon and 
hydrogen. The carbon atoms lose the electrons pre- 
viously shared by them with the hydrogen atoms, the 
hydrogen atoms regain these electrons. Catalytic de- 
hydrogenation is exactly similar, the only difference 
being the lower temperature required during the latter 
process. The pyrolysis of sodium acetate with soda 
lime produces methane and sodium carbonate; the 
alpha carbon is reduced; the carboxyl carbon is oxi- 
dized. The pyrolysis of acetone produces ketene and 
methane; one alpha carbon is reduced, the other alpha 
carbon is oxidized. The pyrolysis of calcium or barium 
acetate produces acetone and calcium or barium carbon- 
ate; one carboxyl carbon is oxidized, the other reduced. 

There are, of course, many types of oxidation- 
reduction reactions not mentioned in this paper. The 
explanation and importance of some reactions men- 
tioned may appear to be rather arbitrary. Neverthe- 
less, the fact remains that an electron acceptor reacts 
with a compound of carbon for the simple reason that 
by so doing, it can obtain electrons by sharing. The 
electron donor reacts with the compound of carbon be- 
cause the carbon compound is a receptive electron ac- 
ceptor. By using these statements as a foundation, 
the role of oxidation-reduction should assume greater 
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significance to the student during his study of ele- 
mentary organic chemistry. 
The importance of the oxidation-reduction reactions 


does not necessitate overemphasis. A brief discussion 
of each type reaction, as it appears during the course, 
should be adequate. It does seem beneficial to classify 
the more common types of organic compounds as to 
their oxidation state, using as a basis the parent hydro- 
carbons. This increases the student’s appreciation of 
the many simple generic relationships which exist be- 
tween the more common types of compounds. A 
periodic reference should be made to those inorganic 
compounds and those reactions of inorganic compounds 
which are similar to the compounds of carbon, or to the 
reactions of the compounds of carbon. These re- 
capitulations should assist the student to realize that 
many of the basic concepts and fundamentals which he 
learned in general chemistry may also be applied to the 
study of the compounds of carbon. Too many students 
get the impression that organic chemistry is sufficient 
unto itself. The teacher must not allow this impression 
to persist if he expects the student to sustain a well- 
integrated knowledge of chemistry. 
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The writer suggests a fundamental change in the 
teaching approach to organic chemistry. In its de- 
velopment the theory of organic chemistry and its 
achievements constitutes one of the most noteworthy 
triumphs of inductive reasoning. However, inductive 
reasoning is a tedious process and is for the mature 
mind. It seems reasonable, therefore, to use the more 
recent knowledge of electrons and electronic configura- 
tion of atoms in a deductive approach to the study of 
organic chemistry. The suggestion is that at the very 
beginning of this study it be pointed out that certain 
behaviors and possibilities of structure already learned 
for other atoms and their compounds may be expected 
to apply to carbon and its compounds. The student 
may then more profitably be introduced to the induc- 
tive reasoning and experimental methods by which 
these arrangements may be ascertained and accom- 
plished. It may be expected that the student will have 
a genuine feeling of pleasure and appreciation as he sees 
the development of evidence which supports the theo- 
retical deductions already presented as to the possibility 
of existence of structures only identified as sub- 
stances known as -anes, -enes, -ynes, -ols, -ones, ef-als. 


CHEMISTRY IN WAR (Continued from page 529) 


coal, coal tar, alcohol, arsenic, and cooking salt—ma- 
terials which are all products of our land and industry 
and with the exception of arsenic occur abundantly in 
our country. Only the capacity of the chemical fac- 
tories and not the supply of raw materials sets a limit 
on production. 

It may be very inopportune to discuss the significance 
of the association of officers with scientists and tech- 
nologists. Nothing lies further from us than to prepare 
for a new war, and what else can this association mean, 
one might ask, but a renewal of war preparation? Did 
not the army become a sort of police force, as a result 
of the peace treaty which we signed, and why does such 
a force need the association with academic personnel 
which was important to the previous war organization? 
My view, on the contrary, is that strengthening and 
raising the morale of the officer corps is necessary for 
the accomplishment of the problems before it and for 
the insurance of peace in the future. The mercenary 
army, which we now have in place of our previous army 
of conscription, is always in danger of becoming a tool 
in times of political unrest, especially if the officer corps 
is not educated in the spirit of the times and if it views 
conditions from the standpoint of one-sided militarism 
as opposed to other aspects of the State. Under such 
conditions, problems concerned in the training of offi- 





cers are primarily ethical, but a thorough technical 
education is also necessary for success. The officer 
must fully comprehend what war demands and what the 
state, industry, and science can do without today, if 
he is to be a help rather than a hindrance to his country 
in times of danger. The same spiritual uplifting and 
development which should have been necessary for the 
officer corps for a small, successful war, can be just as 
important after what we have recently experienced. It 
should be realized that the nations of the European 
continent cannot afford to conflict, if they want to exist 
next to each other without the destruction of their 
populations, for Europe is too poor in raw materials. 
From it grows the conviction that every decade, with 
increased coal consumption and increased cultivation 
of the soil, increases our dependence upon foreign agri- 
culture and the dangers of a new war, in which the Sea 
Powers might blockade our coasts. The soldier who 
understands war is not a danger to the state; it is the 
soldier who does not understand who is a danger to the 
country. The best and most educated officer corps is 
today the best guarantee of peace. The nation owes 
you thanks, my friends, if you tackle your problems, in 
spite of the lost glory, with the same thoroughness and 
industry as if you stood at the head of the European 
conquerors. 





Can Elementary Chemistry Teaching Be Logical? 


ANTHONY STANDEN 
St. John’s College, Annapolis, Maryland 


T IS generally agreed that part, at least, of the object 
of scientific courses is to teach the scientific method, 
and that this method consists in learning from experi- 
ment. ‘The little historical essay at the beginning of a 
science textbook often says that, in the Middle Ages, 
learned men believed things on the authority of Aris- 
totle, but that the student should do as modern scien- 
tists do, and learn Truth from Experiment only, giving 
no further credence to argument from Authority. 

It is extremely difficult to teach elementary chemistry 
in the light of these precepts. The difficulty arises 
from the very advanced state of modern science, in 
which our theories depend upon a vast mass of inter- 
related experimental evidence. In teaching some sim- 
ple things in physics—laws of motion, for example, or 
falling bodies—a few experiments can be carried out, 
and other evidence cited, and: at the same time the 
theory can be presented and it can be shown that the 
theory accounts for the facts, as a good theory should. 
Modern theories of the atom cannot be presented to the 
elementary student in this manner, for the experimental 
evidence is far beyond him. Unfortunately it is con- 
sidered necessary to present some of these theories to 
the beginning student for the sake of their utility. For 
example, valence is always explained in terms of elec- 
trons. But unless great care is taken to explain to the 
student that there are valid experimental reasons for 
believing in electron shells, octets, K-levels and so on, 
and that he will learn them all later if he sticks to physi- 
cal science, then he is believing in them purely on 
Authority, and has been given no conception of the 
scientific method. 

This difficulty is reflected in elementary chemistry 
textbooks. Many of them are a hodge-podge of faulty 
reasoning and unscientific presentation. 

This assertion can be best illustrated by a close ex- 
amination of just one textbook, a popular college text 
on general chemistry. Faults similar to those illus- 
trated below, perhaps even the same faults, can easily 
be found in many other textbooks. 

At the end of Chapter 1 we have: 


“Scientific Reasoning. Many illustrations of sound reasoning 
will follow later but here is an interesting example of faulty rea- 
soning. 

“Van Helmont planted a willow in a weighed quantity of dry 
earth, supplied it with water only, and at the end of five years 
found that it had gained 164 pounds in weight, while the earth 
had lost only 2 ounces. Here was ingenious proof that practically 
all the new substance of the willow was made of water—con- 
vincing proof—until 100 years later Ingenhousz and Priestley 
showed that plants absorb carbon from carbon dioxide in the air.”’ 


There are, of course, many illustrations of sound rea- 


soning in the book. But there are also illustrations of 
faulty reasoning, and it would be a clever and attentive 
student who would distinguish them. For example, in 
Chapter 3 a diagram of a cathode ray tube is given and 
we read: 

“‘Sealed-in wires at A and C support the anode and cathode. 
With any gas at 1/100) of an atmosphere or less, and with any con- 
ducting cathode, peculiar radiations called ‘cathode rays’ ema- 
nate from the cathode with the velocity of light and cause a 
greenish fluorescence where they hit the glass wall of the tube. ... 
When a cathode tube is placed between two metal plates, one 
carrying a heavy positive charge and the other a heavy negative 
charge, the rays are deflected towards the positive plate. Crookes 
surmised and J. J. Thomson later proved (1897) that the cathode 
rays are a stream of negatively charged particles. And since 
these same particles are thrown off from the cathode (or the gas?), 
no matter what the cathode or gas,.they must be constituent 
parts of atoms of all elements.” 


The reasoning in the last sentence is just as false as 
Van Helmont’s. Why do the electrons have to be con- 
stituent parts of the atoms?- Couldn’t a piece of 
platinum, or of any other substance, be like a sponge, 
impregnated with electrons, which would occupy some 
of the interstices between the atoms? Alternatively, 
another objection is this: the tube diagrammed will 
give no rays emanating from the cathode with the 
velocity of light, and there will be no greenish fluores- 
cence, if A and C are not connected to a battery, or an 
electrical generator of some description. Why do we 
have to say, then, that the negatively charged particles 
come from the cathode (or the gas)? Couldn’t they be 
supplied by the electrical generator? 

Later in the same chapter we have: ‘The radio has 
made everybody familiar with electrons.’’ No, it 
hasn’t. It has made everybody familiar with radios. 
It has made everybody familiar with talk about elec- 
trons, just as the atomic bomb has made everybody 
familiar with talk about atoms. A student who has 
worked with radios, and understands something about 
them, knows something about electricity, but for all the 
talk he has heard about electrons he knows nothing 
about them (unless perchance he is familiar with some- 
thing like Millikan’s oil-drop experiment), because elec- 
trons are not needed for an elementary explanation of 
radio. All that the student knows about radios can be 
explained just as well without assuming the discontinu- 
ous nature of electricity: thus, when the filament is 
heated electricity is ‘‘boiled” out of it and is impelled 
toward the positively charged plate, but its velocity 
will be modified by the variable charge on the grid. 
Electrons are no more necessary to explain this than 
molecules are to explain why water, thrown out of a 
bucket, falls to the ground, 
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Other departures from scientific method come in 
later. In Chapter 6 the author introduces the kinetic 
theory of gases. He describes Boyle’s law, Charles’ 
law, Dalton’s law of partial pressures and Graham’s 
law of diffusion, and then gives the kinetic theory. 
‘Since all gases react alike to changes in pressure and 
temperature, they must all have the same structure.” 
Must they? Does this really follow? The graduate 
student who would argue thus in a research problem 
might soon find himself in a terrible mess. 

A few pages later we have a summary of the reasons 
for believing in the kinetic theory. Two columns are 
drawn up, the left-hand one for the phenomena—nine of 
them—and opposite each its explanation on the kinetic 
theory. This is an excellent example of presentation of 
a scientific theory; unfortunately, it is headed, “‘Gases 
must be composed of flying molecules because such a 
kinetic theory explains the observed facts.” This is 
extremely unscientific, for it is a non sequitur. It would 
be scientific to write, “We have good reason to suppose 
that gases are composed of flying molecules, because 
such a theory explains the facts,’”’ or in this case one 
could be more positive and write, ‘““Gases must be com- 
posed of flying molecules because only such a theory can 
explain the facts.” If we have just a theory that ex- 
plains the facts, we may adopt this theory as a working 
hypothesis, but it is not proved. We accept the kinetic 
theory because it explains such a vast array of facts, 
and explains them so well, with excellent quantitative 
agreements, that it is in the highest degree unlikely that 
anyone will ever explain them by any different theory. 
If the reason for our confidence in modern theories is not 
thus explained, at least somewhere in the book, then the 
book does not illustrate scientific method. 

But the most difficult problem confronting the 
teacher of elementary chemistry is the introduction of 
the atomic theory, and the explanation of the deter- 
mination of atomic weights. This problem is excep- 
tionally difficult, more difficult probably than any 
problem confronting a teacher of any other science, on 
account of the cyclic way in which the atomic weights 
were, in historical fact, discovered. It took 50 years to 
agree that water is H,O and not HO. The first real 
confirmation that the atomic weights had been properly 
selected came from the Periodic Table, but this could 
not have been set up until at least the majority of the 
atomic weights had been selected correctly. (I speak 
here not of the determination of an equivalent weight, but 

of the selection of an atomic weight, from among the 
multiples of the equivalent weights.) Modern dis- 
coveries, such as atomic numbers, positive rays, etc., 
have abundantly confirmed the selection of atomic 
weights used by Mendeleeff, in all cases, but these dis- 
coveries could not possibly have been made if a mass of 
information from electrolysis, spectrum analysis, radio- 
activity, etc.—all dependent upon the knowledge of the 
atomic weights—had not. been available previously. 
Chemistry may be said to have pulled itself up‘ by its 
boot-straps, kicked a table underneath itself (the Peri- 
odic Table, of course), and then stood on it. We have 
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confidence that the table forms a sound support; but to 
explain it to a student, and at the same time preserve at 
least the appearance of scientific method, is a formidable 
task. 

Here is how most elementary chemistry books say 
that atomic weights are determined. Avogadro’s 
hypothesis is stated; sometimes reasons are given for 
believing it, sometimes not. Believing in the hypothe- 
sis implicitly, without a shadow of scientific doubt, it is 
shown that there must be two atoms of hydrogen in the 
molecule, and similarly for oxygen. This givesO = 16, 
and not 8. Cannizzaro’s ideas are then explained, and 
are used to give C = 12, and a few other elements that 
have readily available gaseous compounds. The metals 
do not come in here, because carbonyls, organo-metallic 
compounds, and the like are deemed too exciting for an 
elementary text. From the few elements that can be 
settled in this way, several of which are gases, the stu- 
dent is supposed to believe that Dulong and Petit’s law 
can be set up, and this in spite of the fact that carbon, 
boron, and silicon are exceptions (at ordinary tempera- 
tures). Dulong and Petit’s constant is traditionally 
given as 6.4, but the examples given may run as low as 
6.0 or even lower. From then on, of course, it is plain 
sailing, the atomic weight of any element can be 
selected, either from vapor density determinations on a 
number of volatile compounds, or from a specific heat 
determination. The Periodic Table confirms it, all the 
modern stuff confirms it a hundred times again, and 
that is that. 

What if the student should ask, ‘How could it be 
first determined that the alkali metals are monovalent 
and the alkaline earths divalent?’ They might be the 
other way round, or both divalent, or both monovalent. 
Each of these possibilities would knock Dulong and 
Petit’s law into a cocked hat, especially since all the 
other metals are subject to a similar uncertainty. 

The truth is that the original selection of the atomic 
weights was a long and difficult process of trial and error, 
which is now fully understood only by a few specialists 
in the history of chemistry. It is not necessary, of 
course, to give students anything like a full account of 
this process, but an account which does not mention 
isomorphism is not even logical. * 

The textbook here being considered deals with these 
matters as follows. Chapter 1 gives basic principles, 
Chapter 2 gives combining proportions, and then 
Chapter 3 takes up the atomic theory. It first gives 
the basic assumptions made by Dalton—including those 
now known to be wrong—and then shows how they ex- 
plain conservation of mass, definite proportions, and 
multiple proportions (reciprocal proportions were 
glossed over in Chapter 2). It then jumps straight into 
electrons, protons, octets, covalence and all, and is fol- 
lowed by a chapter on symbols, formulas, and equations. 
Getting back to the actual phenomena of chemistry, 
Chapter 5 deals with oxygen. Afterwards we have 
kinetic theory, hydrogen, and ‘method of solving 
problems.’ All the time there is a promise, from the 
end of Chapter 2, that ‘‘in an early chapter detailed 
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methods will be given for the determination of relative 
weights of atoms,’ but we have not found them yet, 
although we are balancing equations and even solving 
problems. 

Atomic weight determinations are finally taken up 
in Chapter 11. But before this we have Chapter 8, on 
valence. It begins, “‘Valence is most easily understood 
by reasoning from experiment.’’ The author seems to 
have remembered that science is, after all, based upon 
reasoning from experiment, and to have decided to let 
the students do some. The experiment considered is 
this: You look up in the book the atomic weights of, 
say, sodium, magnesium, and aluminum, and weigh out, 
respectively, 23, 24, and 27 mg. of the metals. You 
introduce them under inverted tubes of dilute hydro- 
chloric acid, and note that the volumes of hydrogen 
given are in the ratio, 1, 2, 3. You have therefore 
found, by experiment, the valences of sodium, mag- 
nesium, and aluminum. 

Now what, in Heaven’s name, is supposed to be the 
position of the person making this experiment? If he 
knows the atomic weight by experiment, then he must 
know the valence, for the two pieces of information 
come together. If he does not know the atomic weight, 
then he cannot do the experiment. If he is allowed to 
look up the atomic weight, but not the valence, then he 
must obtain a very strange idea of ‘‘reasoning from ex- 
periment.’’ It is true, the author only says that val- 
ence is ‘‘most easily understood”’ by reasoning from this 
experiment. But since, in this book, we have already 
had formulas such as H,O, MgO, Al,O3, HCl, CaCh, 
NH3;, and CH, there should be little difficulty in ex- 
plaining the concept of valence in words. It is perhaps 
true that the concept of valence is easily explained to 
the student by this demonstration, but there must be 
many students who mistake it for an experimental way 
of finding the valence of an element, especially since the 
author himself, two pages later, says, ‘“‘We have just 
learned by experiment that the valence of aluminum is 
three.’’ This experiment depends upon a knowledge of 
the atomic weight. And how is the atomic weight 
found? By looking it up in the book. 

When we reach Chapter 11, the valences of various 
elements have been determined (or at least understood) 
by experiment, and the atomic weight has been looked 
up in the book numerous times. The student has also 
had crystal lattices, diagrams of electron orbits, elec- 
tronic formulas, hydrogen bridges, atomic radii, and 
very much else that depends entirely upon knowledge 
of atomic weights. If he still has any interest in the 
original process by which atomic weights were once 
found out, he gets it in this chapter, which is devoted to 
a lot of ancient history, with dates, the latest of which is 
1858 (Cannizzaro). At the end of it we ‘‘deduce the 
formula of water.’”’ Earlier in the book we were reason- 
ing in this manner: In Chapter 4, ‘“H,O as a formula 


for water tells us that two atoms of hydrogen and one 
atom of oxygen make up a single molecule of water’; in 
Chapter 8, “Oxygen, as shown by the formula H,O, 
must have a valence of two, since one atom holds two 
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atoms of monovalent hydrogen.’ Already the famous 
formula of water, the well-known H,O, has been telling 
us things, and showing us things. I do not see why 
anyone should retain any interest in “deducing” that 
hoary old chestnut, H,O. 

The general impression of the first chapters is of a 
breathless rushing backwards and forwards between 
ancient history and the very latest electronic ‘‘dope’”’ on 
the atom. This is caused by scrambling together two 
very different objectives which the course is supposed to 
achieve: (1) to inform the student, pontifically ex 
cathedra, what are the principal findings of modern 
science; (2) to give the student some idea of the scien- 
tific method of reasoning from experiment, by showing 
how we can learn, first of the existence, and later of the 
structure, of minute invisible particles called atoms. 
The confusion is increased because it is deemed neces- 
sary to pep the book up constantly with practical 
applications. For example, hydrogen no sooner comes 
in than we must have the atomic hydrogen flame. The 
result is that the book never stays for two pages to- 
gether at any one level of science. The student never 
knows what is coming to him, for he is kept hopping 
about between history of chemistry, marvels of modern 
science, balancing equations, solving problems, and 
latest applications. 

Yet another confusion is latent in this treatment. 
Why history of chemistry at all? What precisely is 
intended to be achieved by all this historical stuff? 
Here again there are two objectives, scrambled. Toa 
certain extent, the history of chemistry is an end in it- 
self, for a chemistry course, whether for science majors 
or liberal arts students, would be lacking in something 
if it did not help the student to place the development of 
chemistry in some sort of historical perspective. The 
other objective is much more important; it is nothing 
less than illustrating the scientific method itself. But 
this requires, not so much the historical order, but the 
logical order, or at least a logical order. The two are 
not the same. They happen to coincide very closely 
(for very clear reasons, of course) but for a logical order 
there is no objection to discovering atomic weights by a 
method which was not, in point of historical fact, the 
method used by Berzelius. But it must be a logically 
possible method, it must not be a method which could 
only be possible after the atomic weights were already 
known.. The mass spectrograph probably cannot be 
used, in the logical order, for justifying the selection of 
atomic weights, for in the course of the explanation it 
would be necessary to say ‘positively charged atoms are 
formed and are impelled toward the cathode.’’ How 
could it be shown logically that it really is positively 
charged atoms that are formed, and not something else, 
without drawing upon the whole mass of chemical and 
physical knowledge? Perhaps someone can do this, 
honestly, and without begging any questions. I would 
be most interested to see it done. 

Before giving some constructive suggestions, one 
more criticism can be made of almost all elementary 
chemistry books—and physics books too, for that mat- 








TS) — 


"> 296 of & &® & of mh 


~ 
) <b 


an 


pre 
sol 


eit 
fac 
tiv 








us 
ng 
hy 
at 


PS 


les 


rer 


1d 


ne 
ry 








NoveEMBER, 1945 


ter. They state, or imply, that a measurement of the 
size of atoms is evidence of the existence of atoms. 
This is not true. The fact that measurements of the 
size of the atom made by methods which differ widely in 
principle give very closely the same result is, of course, 
excellent confirmation of the atomic theory. But an 
alleged measurement of something is no proof whatever 
that that something exists. Any scientist engaged in 
active research should know that it is possible to believe 
that you have measured what you wanted to measure, 
and yet to find out later that your apparatus has actu- 
ally measured something else. And the falsity of the 
argument, ‘‘I have measured, therefore I know,’ can be 
illustrated by the following two examples. 

(1) There are some who say that they have meas- 
ured intelligence. I believe in intelligence, but my be- 
lief in the existence of intelligence is in no way increased 
by the alleged measurement of the same. 

(2) Suppose that one could converse with Ptolemy, 
or Copernicus, and dispute with them concerning the 
reality of their astronomical epicycles. Both these 
scientists would be in a position to say, ‘‘But I have 
measured epicycles.’’ And yet belief in epicycles is 
deader than the dodo. 

What shall we do, then, to keep as much logic as 
possible in elementary chemistry teaching? 

The solution must depend very greatly upon the ob- 
jectives of the course. If it is a “quickie,” that is one 
thing, but if it is intended seriously, that is quite 
another. 

A course may be designed to turn out competent 
operators in-chemistry, at any level from the routine 
technician to the Ph.D., in the minimum of time. 
Such a course may pay no attention to the historical 
order, and little, or perhaps none, to the logical order. 
Such students could be given completely modern con- 
ceptions of the atom from the very beginning. The first 
sentence in the book could almost be, ‘A hydrogen 
atom consists of one proton and one electron,’”’ and 
Chapter 2 could give watered-down wave mechanics. 
There would be no need to pay lip-service to the old 
law of multiple proportions—no need even to mention 
it. There would be'no need to bother with what Can- 
nizzaro said in 1858. Why bring in any of this grubby 
ancient history? Students would be taught to solve 
problems—plenty of them—and then every problem 

solved would be a confirmation of the theories. 

A course designed for serious teaching of chemistry, 
either for science majors or for liberal arts students, 
faces much graver problems. I can make two alterna- 
tive suggestions. (1) Arrange the course as much as 
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possible in a logical order, with perhaps a very few 
anticipations, clearly labeled as such. Or else (2) start 
with the full modern apparatus of electrons, octets, co- 
valence and so forth, and use nothing else, until the 
student has some familiarity with atomic weights, 
equivalent weights, formulas, balancing equations, 
solving problems, acids, bases, and salts, oxidation and 
reduction, and all such regular stuff. Then, and only 
then, have a chapter which might begin: ‘“‘We can now 
ask the question, ‘How could all this mass of informa- 
tion, which deals with invisible particles such as atoms 
and electrons, ever have been discovered in the first 
place?’ For the time being, forget all the theory that 
you have learned, and let us begin again at the begin- 
ning, that is to say, with the phenomena.” Such a 
course would spare the beginning student the present 
razzle-dazzle technique of leaping from the cyclotron to 
Lavoisier and Priestley, then to the classical billiard- 
ball atom and then to the early 19th century. 

The first suggestion—logical order as far as possible— 
requires a few further comments on account of its in- 
herent difficulties. It would roughly parallel the his- 
torical order, but would not be bound to it. It would 
not be necessary to review the early 19th-century steps 
in selecting atomic weights. The problem should be 
stated, a few guiding principles could be given, and 
then we could go at once to the Periodic Table, which 
confirms all the selections. Valence would have to be 
explained and understood first according to pre- 
electronic ideas. This would be a great advantage, for 
it would force students to be clear about what valence 7s 
before learning the modern electronic theories which, 
to a large degree, account for it. Ionization would prob- 
ably have to be explained first in the terms of Arrhen- 
ius and van’t Hoff, unless someone can think of a truly 
logical way of introducing the electron at this point. 
When well on in the course, modern theories could be 
explained and used, with the very clear statement that 
the student will not understand the full experimental 
reasons for believing in them unless he will go out and 
take a stiff course in physics. 

In one way such a course in elementary chemistry 
would be difficult, for it would make students think 
rather than memorize. But it wouldin another way be 
easier than present courses, for it would be doing only 
one thing at one time. It would not be pumping the 
student full of complicated modern theories and simul- 
taneously making half-hearted attempts to teach him 
the history of these theories. At any rate it would be 
logical. And there is no reason why students should 
not like it on account of the resulting clarity. 


The B-29 Superfortress uses enough gasoline in one hour to take care of the average 


civilian for five and one-half years. 








Spot Reaction Experiments 


Part XI. Water as a Participant in Reactions of Sulfur Dioxide 


FRITZ FEIGL 


Laboratorio da Producao Mineral, Ministerio da Agricultura, Rio de Janeiro, Brazil 


(Translated by Ralph E. Oesper, University of Cincinnati) 


HE pioneer studies by A. Hedvall, who initiated 

a new field of investigation, have proved that the 
long-established dictum corpora non agunt nisi fluida is 
not valid. There are many known instances of direct 
reactions of solids with each other, and of solids with 
gaseous reactants. Some of these can even be demon- 
strated as striking lecture experiments. On the other 
hand, it can be taken as a rule that the presence of even 
minute amounts of water markedly increases the 
velocity of such reactions if at least one of the reactants 
is water soluble. This is in agreement with the 
established fact that certain reactions either do not 
proceed at all in the absence of water, or only at an ex- 
tremely low velocity. Consequently, examples which 
illustrate the indispensability of water in promoting the 
rapid occurrence of chemical changes are of interest in 
chemical education and in spot tests. The experiments 
described in this paper lend themselves very well to this 
purpose. They deal with the action of sulfur dioxide 
on reactive solids. In the presence of water these 
changes in color and composition occur almost instan- 
taneously. When water is absent, these reactions are 
so sluggish that no change is visible, even after pro- 
longed action of the sulfur dioxide. These differences 
are worth noting because the formation and composi- 
tion of the reaction products can be expressed by equa- 
tions that respectively include and exclude water as a 
reactant. These experiments involve addition reac- 
tions of SO, that lead to principal- and auxiliary-valence 
compounds, 7. e., to binary salts and addition com- 
pounds. Redox reactions occur in some cases. Since 
these are representatives of all the purely inorganic 
modes of reaction of sulfur dioxide, and as it can be 
shown that the reactions proceed rapidly to an extent 
that can be observed directly only when water is pres- 
ent, it seems obvious that the explanation lies in the 
statement that it is not SO, molecules, but rather 
hydrated SO.—4. e., H2SO3, or SO3~~ ions and H* ions— 
that are essential. However, if it is recalled that the 
reactions of solids with gaseous SO, are topochemical? 
then another conception is permissible. The surface 
molecules of the solid react with SO, within the brief 
period of the experiment, forming a protective layer 
consisting of the reaction products. This retards or 
hinders a further penetration (by diffusion) of the SOs. 
Changes that are not discernible under the conditions 
1 Compare FEIGL, F., L. I. MrRANDA, AND H. A. SuTER, THIS 


JOURNAL, 21, 18 (1944). 
2 Compare FBIGL, F., ibid., 22, 342 (1945). 


of the experiment can then be regarded as tarnishing 
processes, which proceed slowly. If this view is ac- 
cepted, the accelerating effect of water in the reactions 
of water-insoluble solids with SO; is due to the diffusion 
of the soluble reaction products away from the surface, 
exposing a fresh reactive surface. It should be noted 
that the addition, or the formation, of even minute 
quantities of water results in the loss of the topochemi- 
cal character of the reactions of SO: with water-soluble 
solids. The change occurring in the reaction theater 
moistened with water is transposed into a homogeneous 
system of the dissolved reactants. The explanation 
based on topochemical concepts is supported by the 
experiment (62) in which dry SO, reacts with sodium 
carbonate. Additional evidence of this is given by the 
fact that a partial change occurs when the action of SO: 
is prolonged and the experiment is carried out on a 
macro scale. This change is not visible to the eye, but 
it can be revealed by chemical methods.* Both ex- 
planations of the difference in behavior of dissolved and 
dry SO, toward solids may well be regarded as equally 
justified. They both conform to the now generally 
accepted view that solvents take part in chemical 
events, even though they do not appear as active par- 
ticipants in the net stoichiometric equations represent- 
ing the chemical reaction. Several instances of this are 
given in a previous paper of this series. * 

61. The Action of Sulfur Dioxide on Cadmium Oxide. 
Brown cadmium oxide dissolves in sulfurous acid and 
forms a colorless solution. This neutralization reaction 
can be represented by: 


CdO + H2SO; — CdSO; + HO 


[No consideration is given here to the production of 
Cd(HSOs3)2 if an excess of H2SO; is used.] Written in 
the anhydride form as an addition reaction the fore- 
going equation reads: 


CdO + SO: — CdSO; 


Whereas the neutralization reaction occurs instantane- 
ously, the addition reaction, at room temperatures, is 
so slow that there is no visible disappearance of the 
brown cadmium oxide. 

Procedure: Several particles of pulverized CdO are 
placed on filter paper and stroked with a brush. The 





3 No details of the results of quantitative measurements along 
this line are given here because such studies are beyond the 
bounds of this paper. 

4 FgIct, F., THs JouRNAL, 20, 300 (1943). 
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brown spot is exposed to a blast of dry SO.. No change 
will be apparent. If, however, a drop of water is placed 
on the CdO spot before the SOs is started, the stain 
quickly vanishes. The experiment can also be done as 
follows. Two spots of CdO are placed next to each 
other on paper. One is moistened with a drop of water, 
and the paper is placed under a bell jar. Dry SO, is 
then admitted. The moist spot loses its color quickly, 
due to the production of CdSO;, while the dry specimen 
remains unchanged. Yellow or red mercuric oxide can 
be substituted for the cadmium oxide. In this case, the 
product is not only HgSO;, but if water is present the 
complex Hz[Hg(SOs)2] is also likely to be formed. 

62. The Action of Sulfur Dioxide on Sodium Car- 
bonate (an Instance also of Auto-catalysis). An aque- 
ous solution of sulfur dioxide reacts with sodium car- 
bonate to give sulfite or meta bisulfite: 


NazCO; + H2SO; — NazSO; + CO: + HO 
With excess SO, the reaction can be represented: 
NazCO; + 2H:SO; — 2NaHSO; + CO, + H,0 
or 
NazCO; + 2H2SO; — NazS.0; + CO2 + 2H20 


In the anhydride form these can be represented as dis- 
placement reactions: 


NazCO; + SO. —— NaeSO; + CO, 
or 
Naz2CO3 os 2S02 only Na2S.05 aa CO, 


Quantitative studies on a macro scale have shown that 
dry SO, and anhydrous NazCO; undergo only a partial 
reaction, whose extent depends upon the length of time 
they are in contact. In contrast, when water is present 
NaHSO; or NazS20; is produced quantitatively. It is 
interesting to note that meta bisulfite is formed also 
when, without any added water, crystallized soda 
(NazCO;:10H2O) is exposed to dry SO2. The crystals 
liquefy, and this effect reveals the start and the progress 
of the reaction. The liquefaction is due to the forma- 
tion of Na2S.0;, which combines with only 7H,O, thus 
liberating 3H,O: 


(NazCO;-10H20) + 2SO0, ——- (Na2S.0;-7H20) of CO, ++ 3H.,0 


Effloresced, 7. e., partially dehydrated, soda behaves 
analogously. The initial topochemical reaction obvi- 
ously provides the necessary water of solution, and its 
quantity increases in arithmetical progression. This is 
a good example of auto-catalysis, since the reaction 
product (water), in the literal sense of the word, pro- 
vides a reaction path.® 

Procedure: Small heaps of hydrated and anhydrous 
sodium carbonate are placed near each other on a piece 
of filter paper. The latter is covered with a bell jar, 
and dry SO, is passed in. The hydrate soon shows 





5 There is no previous record of the formation of sodium meta 
bisulfite by the action of gaseous SO: on solid crystal soda (even 
effloresced). This discovery is the basis of a patent application 
covering a new technical method of preparing this compound. 
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signs of liquefaction, and the paper beneath it becomes 
moist. The anhydrous carbonate remains unchanged. 
If the paper is then put in the air for several minutes to 
get rid of the SO, and both specimens are spotted with 
an alcohol-water solution of phenolphthalein, only the 
heap of anhydrous salt turns red. The hydrate has 
been converted into Na2S.O;, and this salt exhibits no 
alkaline reaction toward this indicator. 

63. The Action of Sulfur Dioxide on Potassium 
Iodide. A yellow color, that fades on warming, is pro- 
duced by acidifying a solution that contains much alkali 
iodide and sulfite, or by the addition of a water solution 
of sulfurous acid to a solution of alkali iodide. This 
phenomenon is related to the formation of unstable 
addition compounds between sulfur dioxide and alkali- 
and alkali earth iodides (or thiocyanates).6 Two series 
of these compounds are known; they contain, respec- 
tively, two or four moles of SO, to each mole of iodide. 
All of these compounds are formed by prolonged action, 
at low temperatures, of SO; on the various salts. . When 
exposed to the air they gradually lose SO2, and more 
quickly if warmed. It has now been proved that well- 
dried potassium iodide is not affected by exposure to 
SO2, whereas damp crystals immediately turn orange- 
red. 

Procedure: Finely powdered potassium iodide is 
carefully heated in a porcelain crucible until there is no 
more decrepitation due to the expulsion of moisture. 
Several milligrams of the dry powder are placed in a 
micro test tube, and dry SO, is led in through a thin 
glass tube. The white crystal meal remains unaltered 
for hours in this atmosphere of dry SO2. The trial is 
repeated with a specimen that has been treated with a 
drop of water. The test material turns orange at once. 

64. Action of Sulfur Dioxide on Manganese Dioxide 
and Potassium Dichromate. The equations expressing 
the redox reaction of aqueous sulfur dioxide and 
manganese dioxide, or potassium dichromate are: 


MnO, ob H.2SO; — MnSO, + H,0 
K2Cr20; + 4H2SO; — K2SO; + Cr2(SOx)3 + 4H20 

(No account is taken here of the production of bisulfite, 
or, in the case of MnOkz, of the formation of a slight 
quantity of dithionic acid.) 4 

In the absence of water, these redox reactions can be 
represented : 

MnO, + SOz — MnSO; 
K2Cr2O7 aa 4S02 ont K.SO; + Cr2(SOx)s 

The hydrated reactions occur at once, as can easily be 


seen from the accompanying color changes, while MnO; 
and K,Cr,O; are not changed when exposed to dry SO:.’ 





6 EPHRAIM, F., AND I. KornBiLuM, Ber., 49, 2007 (1916); see 
also P. WALDEN AND M. CENTNERSZWER, Z. physik. Chem., 42, 
432 (1903). 

7 MnO; always contains small amounts of water of constitution 
and extraneous moisture. Consequently, the declaration that no 
change occurs, if water is not. added, should be qualified: there is 
no visible conversion into MnSQ,. If precipitated MnO; is dried 
and then exposed to an atmosphere of SO2, and the SO, then dis- 
placed by air, there is no visible alteration. If, however, the ex- 
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Procedure: Manganese dioxide paper is prepared by 
soaking filter paper in 1 per cent KMnQ, solution. The 
cellulose reduces the permanganate to MnO2, which is 
retained as a fine precipitate, uniformly distributed 
throughout the capillaries of the paper. After the 
paper turns brown, it is removed from the solution, 
thoroughly washed, and dried. The paper keeps indefi- 
nitely. Potassium dichromate paper is prepared by 
soaking filter paper briefly in 10 per cent K,Cr.O, and 
drying in a blast of heated air. This paper does, not 
keep well, and should be freshly prepared from time to 
time. On prolonged standing, especially in the light, 
there is reduction to brown chromic chromate. 

Strips of these reagent papers are treated with single 
drops of water and SO, is blown against them. Only 
the moistened spots react. They immediately turn 
white and green, respectively. The dry portions of the 
papers retain their brown or orange colors, even after 
prolonged exposure to the sulfur dioxide. 

The accelerating effect of water on the reduction of 
K,Cr20; by MnO, can be used to reveal the presence of 
water in alcohol, or of moisture in solids. The details 
of this simple test will be given in another paper. 

The foregoing experiments, like the previous ex- 
amples, can be represented by equations containing and 
excluding water as a participant.. Even in the absence 
of water, there is a slight reduction which, however, 
cannot be detected by means of a spot test. Certain 
reactions of SO, require the presence of water. An ex- 
cellent example is provided by KMnO,, which reacts 
with SO, only in the presence of water. The reaction 
can be represented: 


2KMnQ, + 5SO, + 2H.O ai K3sSO, + 2MnSO, + 2H2SO, 


or 
2MnQ,~ + 5SO;-~ + 6H*+ + 2Mnt* + 5S0,-— + 3H20 


The complete lack of reaction between KMnQ, and SO, 
when water is absent can be easily demonstrated. A 
little solid KMnO, is placed in a test tube, which is then 
filled with SO, and stoppered. The KMnQ, is kept in 
this atmosphere for several hours. The SOs is driven 
off by a current of air, and water is then added. A per- 





posed material is boiled with water, the filtrate contains Mn** 
and SO,-~ ions. At 400 to 500°, dry SO, attacks MnO, quite 
vigorously, in fact, the powder glows and its color lightens 
visibly. It should be remembered that MnO, is partially con- 
verted into Mn;Q, when heated to this temperature. 
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fectly clear violet solution is obtained, and no turbidity 
due to MnQ, will be observed, even after the solution is 
made basic. 

65. The Action of Sulfur Dioxide on Hydrogen 
Sulfide. The foregoing discussion of the reactions of 
SO, with solids, that proceed rapidly and quantitatively 


in the presence of water, but slowly and incompletely in ~ 


its absence, can well be supplemented by a consideration 


of the action of SO, on H2S. This redox reaction, in . 


the presence of water, can be represented : 
H2SO; + 2H2S atl 3S + 3H,0 


The equation can, of course, be written in the anhydride 
form: 


SO2 + 2H2S — 38 + 2H20 


However, not even traces of reaction occur under these 
conditions, despite the fact that this would be a reaction 
involving only gases, and consequently rapid reaction 
might naturally be expected. Bagster and Steele* have 
shown that dry SO; not only does not react with gaseous 
HS, but that the two reactants can even be liquefied 
(at —80°C.) and mixed, or that solutions of HS in SO, 
can be prepared, up to the boiling point of SO2, without 
any reaction taking place. Therefore, there is no doubt 
that SO, can react only in its hydrated form with H,S. 
Accordingly, the reaction must be ionic: 


SO;-~ + 2H.S + 2H*+ — 3S + 3H.0 


The non-reactivity of the homogeneous system SO, + 
H2S is quite striking. It can be demonstrated quite 
simply on a semimicro scale. 

Procedure: Sulfur dioxide (dried by passage through 
concentrated H,SO,) and hydrogen sulfide (dried by 
P.O;) are allowed to issue from two tubes. These are 
drawn down at the openings and are fixed at a very 
sharp angle to each other, so that the gases mix with 
each other. No change is visible. If, however, a glass 
rod, with a suspended drop of water is held in the issuing 
gas mixture, the rod is suddenly coated with sulfur. 
Alternatively, the mixed gases can be led into a dry test 
tube, and into one.that has been moistened. The test 
tube stays clear in the first case while a deposit of sulfur 
immediately forms on the moist wall. 





8 BacsTerR, L. S., AND B. STEELE, Chem. News, 105, 170 
(1912). 


In the years ahead, when the lessons still so fresh in our minds will tend to grow dim, 
we shall need all the leadership we can muster—confident, strong, and spontaneous. 
There is only one place where we can find it—where the Marines and our other fighting 
men have found it in this war—within ourselves.—Gen. Alex. A. Vandegrift 
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ARIOUS contributions of chemistry to agriculture 

are described, with cartoons in color, in an article in 
the August Dow Diamond (Dow Chemical Company, 
Midland, Michigan). The cartoons, alone, would be a 
good feature on a bulletin board. 


“The chemist’s page’ in the September Crown 
(Crown Cork & Seal Company, Box 1837, Baltimore 3, 
Maryland) is devoted to revised methods of analysis of 
beer. There is also an illustrated description of ‘“Tele- 
communications,” the method by which aerial photo- 
graphs are transmitted by radio to the ground for re- 
production. 


The August Lamp (Standard Oil Company of New 
Jersey, 30 Rockefeller Plaza, New York 20, New York) 
is no exception to its general rule of attractive layout 
and beautiful illustrations. The production of paraf- 
fin wax and some of its military uses is the subject of 
one article. Another, entitled ‘“Toward Japan,’ is 
spectacularly illustrated and describes how fueling at 
sea enabled the Navy to operate over vast Pacific 
distances. 


“The romance of salt” is an attractive feature of the 
July—August Orange Disc (Gulf Building, Pittsburgh 30, 
Pennsylvania). Color reproductions of the medals 
and decorations of both the Army and Navy make the 
issue especially bright. 


Many analyses of the future of oil production have 
been made, a recent one in the July-August Humble Way 
(Humble Oil & Refining Company, Box 2180, Houston 
1, Texas). Another article on directional drilling is 
interesting. 


From a pictorial and artistic standpoint Steelways 
(American Iron and Steel Institute, 350 Fifth Avenue, 
New York 1, New York) is always worth more than a 
glance. A short article in the August number, ‘‘Sing- 
ing wires,” tells how and why steel wires are used in 
musical instruments. Another short article, entitled 
“Blast furnace diamonds,” we quote in full: 


Steel metallurgists may go prospecting for diamonds in blast 
furnaces when the war job is done and they have time for research 
that may not pay quick dividends. Their diamond-hunting will 
be part of a search for more information about carbon which next 
to iron is the most important element in steel. 

The diamonds will be sought in the pasty mass of impure iron, 
called the ‘‘salamander,”’ that builds up at the base of the blast 
furnace. Ordinarily when a blast furnace goes out of production 
—usually after several years of constant operation—the sala- 
mander is cut into chunks and remelted. rl 

The conditions existing in the bottom of blast furnaces re- 
semble on man-sized scale nature’s own conditions of high tem- 
perature, great pressure which produce diamonds from some 
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other form of carbon. All three are found at the base of a blast 
furnace, the carbon coming from the coke used for fuel. 

The metallurgical prospectors will not look primarily for dia- 
monds of gem size, although they may find one, but rather for 
diamond particles too small to be seen with the naked eye. Nor 
will they use the divining rod and pick of the 1849 prospector. 
The microscope, X-ray, and other instruments of science will be 
their tools. 

For nearly a century various investigators have claimed they 
have made synthetic diamonds by treating molten metals with 
carbon. In 1897 a Frenchman, Moissan, reported he had made 
a diamond by rapidly chilling some molten iron. He believed 
that the sudden shrinking of the iron as it solidified created tre- 
mendous pressure, turning the carbon in the iron into diamonds. 
It is now believed that he was fooled by his assistant, that no 
diamonds were made. 

Metallurgists are not very optimistic on their chances of find- 
ing any diamonds. They do see an opportunity to learn more 
about an important aspect of steel making. 


There have been many developments in the use of 
glass and plastics in war planes. Some of these are 
both illustrated and described in the July-August 
Pittsburgh People (Pittsburgh Plate Glass Company, 
632 Duquesne Way, Pittsburgh, Pennsylvania). 


Silicate P’s and Q’s, Volume 25, Number 9 (Phila- 
delphia Quartz Company, 121 S. Third St., Philadel- 
phia, Pennsylvania), discusses the definition of “‘glass,’’ 
arriving at the conclusion: ‘“‘It is the word men use 
when they are completely stumped.” It goes on to 
show that even the term ‘‘waterglass’’ is misleading, 
“for this glass is not to be dissolved by simple immer- 
sion, even in hot water, although it will dissolve under 
the right conditions.”’ 


Here is a good but very brief description of what takes 
place in the sulfite digestion process for wood pulp. 
It is taken from the September Electromet Review (Elec- 
tro Metallurgical Company, 30 East 42nd St., New 
York, New York): 

Chips of wood boil and churn in a great metal stomach while a 
juice acts upon them until they are ‘‘digested’”’ into pulp—that’s 
how the modern sulfite process works in making pulp in a modern 
paper mill. The extremely corrosive sulfite liquor reduces the 
chips to pulp in a few hours. 

The pulp is then further refined by being mixed and beaten. 
A mineral filler or starch is often added to fill the pores and give 
weight to the paper. Dye may also be added. 

The pulp is pumped to a headbox, where the amount to be sent 
to the paper machine is measured. After the pulp has been fur- 
ther diluted and the dirt removed by separators or screens, it is 
ready for the papermaking machine. 

Up to this point papermaking is largely a fluid process—most 
of it very corrosive. Much of the piping, vats, and other equip- 
ment must be of special corrosion-resistant materials, and stain- 
less steel is beginning to be utilized for much of this equipment. 


Another item culled from the same source seems 
worth quoting: 
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That stainless steel can actually be made transparent if it is of 
sufficient thinness was recently demonstrated by Bausch & Lomb 
Optical Company in Rochester. A coating of stainless steel was 
applied to the front of a camera lens by a vacuum evaporation 
process. The center portion was given a greater thickness of 
film than the edges to reduce proportionately the light-trans- 
mitting power. The whole field of a picture taken through a lens 
so treated was found to have a greater uniformity. This will be 
of particular advantage in shooting airplane views through wide- 
angle lenses. 


With the great interest that is being aroused in the 
gas turbine an article on this subject in the August 
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Socony-Vacuum News (Socony-Vacuum Oil Company, 
Inc., 26 Broadway, New York 4, New York) will be 
worth reading. It is well illustrated with diagrams and 
photographs. 


“The Illinois story’ in the September Ethyl News 
(Ethyl Corporation, 405 Lexington Ave., New York 17, 
New York) tells how the curious development of the oil 
fields of Illinois played a strategic part in the war. One 
is also likely to stop for a while to read the interesting 
account of the history of playing cards—‘‘Deal me in.” 


Adolf Lieben 


(December 3, 1836-June 6, 1914) 


MORITZ KOHN 
New York City 


(Translated by Ralph E. Oesper, University of Cincinnati, Ohio) 


PREVIOUS article’! discussed briefly Lieben’s 
work while he was at the University of Vienna. 
The writer studied under Lieben from 1896 to 1900 
and was his assistant from then until Lieben’s retire- 
ment in 1906. The intimate friendship continued until 
Lieben’s death in 1914. Consequently, it seems fitting 
to supplement the previous paper by a rather detailed 
report on Lieben’s achievements prior to his-coming-to 
Vienna in 1875. These researches have considerable 
historical importance. Through them Lieben earned a 
reputation as a competent worker and contributed 
significantly to the founding of modern organic chem- 
istry. 

Lieben attended the famous Chemical Congress at 
Karlsruhe (1860). He was permanently affected by 
this scientific gathering at which more than 100 of the 
world’s leading chemists were gathered together pri- 
marily to resolve the confusion between equivalent, 
atomic, and molecular weights. Two events of prime 
importance to the development of chemistry occurred 
during this convention. Kekulé delivered a lecture on 
the constitution of organic compounds as derived from 
the quadrivalence of carbon. Cannizzaro addressed 
the audience on the indispensability of Avogadro’s 





1 Konun, M., “‘A chapter of the history of chemistry in Vienna. 


Adolf Lieben, 1836-1914; Zdenko Hans Skraup, 1850-1910,” 
THIS JOURNAL, 20, 471 (1943). 


hypothesis in determining the molecular weights of 
chemical compounds. He clearly distinguished be- 
tween atom and molecule and showed how to deduce 
the true atomic weights of elements from the molecular 
weights of their compounds.? 

In 1863 Lieben was appointed vice-director of the 
chemical laboratory at Palermo. Cannizzaro was his 
chief. Although Liebe had had only a few lessons in 
Italian before coming to the Sicilian capital, he 
quickly became so proficient that he could take over 
Cannizzaro’s lectures.* Lieben’s mental capacities 
and his linguistic talents were shown by his perfect 
command of English, Italian, and French; his papers, 
published over a span of 55 years, were written in Ger- 
man, Italian, and French. Luigi Balbiano (1852- 
1917), who has given a good account of Lieben’s Italian 
period,‘ stated that Lieben was so fluent in these foreign 
languages that he actually thought in them. The 
Festschrift that was presented to Lieben in honor of his 
70th birthday contains, as introduction, his reminis- 





2 CANNIZZARO, S., ‘“‘Sketch of a Course of Chemical Philoso- 
phy’”’ (1858). A translation is available in the Alembic Club 
Reprints, No. 18, Edinburgh, Chicago, 1911. 

3 Extracts of letters from Lieben to Cannizzaro are given in the 
biographical sketch of the latter by B. L. VANzETTI, AND M. 
SPETER in ‘‘Das Buch der grossen Chemiker,’’ Berlin, 1930, 
Vol. 2, p. 188. 

4 BALBIANO, L., Afti. accad. sci. Torino, 50, 7-15 (1914-15). 
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cences of his early years.5 He tells here of Emanuel 
Paternd (1847-1935), who was his student in Palermo 
and later became professor in the University of Rome 
and also Senator. He received the boy with kindly 
sympathy, and their resulting friendship lasted more 
than 40 years. Paternd said: “Although I was for- 
tunate enough to study under Cannizzaro, nevertheless, 
it was Lieben who became my first guide in scientific 
investigations.’’® 

Lieben was called to Turin in 1867 as successor to 
Rafaele Piria? (1813-1865), who had been Cannizzaro’s 
teacher. He was received by the students in anything 
but cordial fashion, because they felt that worthy 
Italian chemists had been passed over in favor of this 
foreigner. However, Lieben’s exemplary leadership 
soon won them over. When he left Turin to accept a 
post in his native country his departure was deeply re- 
gretted. The student body gave him heartfelt ac- 
clamations of popularity, the scientific organizations 
brought him honors, and the government conferred 
high orders upon him. 

The German University at Prague called him in 1871. 
The plans for a new laboratory were prepared under his 
direction but he was called to Vienna, his native city, 
before the building was begun. This was left to his 
successor, Eduard Linnemann. In Vienna, as in 
Prague, Lieben’s predecessors had been Redtenbacher 
and Rochleder. Lieben held this chair until his retire- 
ment in 1906. His successor was Skraup. 

In 1859, while working in Wurtz’s laboratory in 
Paris, Lieben prepared dichloroether by treating ether 
with chlorine. He assumed that each ethyl group 
carried one chlorine atom and accordingly named the 
new compound chloroether and wrote its formula, 
C2:H,ClIOC2H,Cl. In 1866 he came to the conclusion 
that both chlorine atoms are on one ethyl group, and 
henceforth he called the compound dichloroether. 
Since 1872, evidence furnished by Lieben and others 
has shown that the substance is indubitably a,B-di- 
chloroether, CH2,CICHCIOC:H;. This compound made 
it possible (1869) for Lieben to synthesize secondary 
butyl alcohol (III). 

Bauer® working under Lieben’s direction, had studied 
(in 1862) the action of zinc ethyl on dichloroether. The 
resulting product, in which one chlorine had been re- 
placed by an ethy! group, is now written CH,CICHC,H; 


OC:Hs 
(a-chloro-8-ethoxy butane). By the action of hydri- 
odic acid, this compound is split and then reduced. 
There results a hypothetical intermediate product (I) 





5 ‘Festschrift Adolf Lieben zur Feier des siebzigsten Geburt- 
stages und des goldenen Doktorjubilaums, geiwdmet von Freun- 
— Schiilern und Verehrern,’”’ Verlag von Winter in Heidelberg, 
a Bancuuina, G., Obituary sketch of Paternd, Ber., 68, 47 

7 Discovered salicylic acid in 1838. 

‘ SA pupil of Kekulé, and formerly professor at Lemberg and 


riinn, 
® Alexander Bauer (1836-1921), later professor at the Poly- 
technikum in Vienna. 
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and then the iodide (II), which Lieben recognized as 
methyl ethyl carbon iodide. The alcohol obtained from 
this was methyl ethyl carbinol (III), since on oxidation 
it gave methyl ethyl ketone (IV). 


CH,Cl i ae 

ee \ Ba CHOH co 

C.Hs C.Hs C.Hs C.Hs 
(1) (11) (111) (IV) 


Due to the synthesis of secondary butyl alcohol Lie- 
ben reached a further conclusion. He proved that the 
butyl iodide, which de Luynes had obtained six years 
earlier by the action of hydriodic acid on erythritol, was 
secondary butyl iodide, and that the alcohol, then 
known as butylene hydrate, and obtained by de 
Luynes from the iodide was secondary butyl alcohol. 

At Turin, Lieben persuaded a former student of 
Cannizzaro’s, A. Rossi, to join him in an ambitious 
project. This was the synthesis of a long series of nor- 
mal primary alcohols, aldehydes, and acids. They 
started with formic acid and methyl.alcohol, and pre- 
pared the homologous compounds up to normal hexyl 
alcohol (CH;(CH2);OH] and normal oenanthylic acid 
[CH3(CH2)s;COOH]. At first Rossi was skeptical of 
results. He did not believe it was possible to make a 
new butyl alcohol (normal primary), predicted by 
Kekule’s theories, but thought that the known isobutyl 
alcohol would be obtained. When the experiment re- 
sulted as Lieben had hoped, and the synthesis of normal 
primary butyl alcohol was accomplished, Rossi became 
an enthusiastic convert to the new structure theory.” 

The record of this series of studies is contained in 12 
papers (1869-77). E. Paterné and G. Janecek col- 
laborated in part of the work. The synthetic path 
used by Lieben and Rossi to go from an alcohol to the 
next member in the homologous series was: The alcohol 
(V) was converted to the iodide (VI), which was treated 
with potassium cyanide to obtain the nitrile (VII), and 
the acid (VIII) was produced by saponification. The 
calcium salt of the acid was mixed with calcium for- 
mate and the aldehyde (IX) resulted on heating. The 
primary alcohol (X) was obtained by reducing the al- 
dehyde: , 


“a — RCH,I — RCH:CN — RCH:COOH — 


(VI) (VII) (VIII) 
RCH:CHO = RCH:CH,0H 
(IX) (X) 


In 1856 Limpricht found that aliphatic aldehydes 
can be prepared by the dry distillation of the calcium 
salt of the corresponding acid mixed with calcium for- 
mate. Piria, independently, made the same discovery 
with respect to the formation of aromatic aldehydes 
in the same year. Wurtz showed that aldehydes can be 
reduced to the corresponding alcohols. Limpricht 
himself did not expect much from his method, and 


stated explicitly that it was not likely. to be of practical 


1 The term “structure” was introduced by A. Butlerow (1828- 
1886), professor in Kasan and St. Petersburg. Lieben ‘‘Fest- 
schrift,” p. 15; see footnote 5. 
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use because of the considerable quantities of tarry by- 
products. In 1867 Siersch, at Linnemann’s suggestion, 
tried out the procedure and concluded it was not adapt- 
able to the preparation of propionaldehyde. Neverthe- 
less, Lieben and Rossi found the method of Limpricht 
and Piria to be usable and showed that no rearrange- 
ments occur in the reaction series, V to X. 

Wurtz isolated ‘‘fermentation’’ butyl alcohol from 
fusel oil in 1852, and in 1867 Erlenmeyer showed that 
this alcohol (XI) yielded isobutyric acid (XII) when 
oxidized. Consequently it is primary isobutyl alcohol. 
Butlerow prepared tertiary butyl alcohol (XIII) in 
1864 by the action of zinc methyl on acetyl chloride. 
In 1869, as stated above, Lieben synthesized the second- 
ary normal butyl alcohol (III). Accordingly, three 
of the four isomers predicted by theory were known. 
Lieben and Rossi prepared the missing isomer, normal 
primary butyl alcohol (XIV), in 1869. 


iy 
CH; CH2 
CH; CH; | | 
CH-CH.OH cH -COOH CH;—C(OH) CH: 
CH;” CH; 
CH; CH,0H 
(XI) (XII) (XIII) (XIV) 


Their starting material was normal butyric acid 
(‘fermentation’’ butyric acid). The calcium salt, dry 
distilled with calcium formate, yielded normal 
butyraldehyde, which was then reduced to the normal 
primary alcohol. The latter was converted into nor- 
mal valeric acid and this was used to produce normal 
amyl alcohol. In the course of these studies it was 
found that normal capronic acid, CH;(CH2)4,COOH, is 
identical with the fermentation acid. The synthesis of 
normal oenanthylic acid was by way of the normal hexyl 
alcohol. 

Linnemann was working on the synthesis of alcohols 
at this same time. He made unwarranted attacks on 
Lieben’s findings and the latter published a short paper: 
“In defense.”’ As Linnemann had made no mention of 
Lieben ‘and Rossi, Lieben stated caustically: “I can 
explain this peculiar omission only through the writer’s 
fear that he would immortalize our names if he included 
them in his paper.” 

In 1873 Lieben and Paternd reported that the dry 
distillation of calcium formate yielded methyl alcohol, 
the reduction product of formaldehyde. But formalde- 
hyde itself was not produced by this reaction." 

During his studies of the preparation of alcohols from 
dichloroether Lieben found (1868) that organic chlo- 
rides are converted to the corresponding iodides by the 
action of hydriodic acid. Thus, in a concentrated 
solution of HI, iodine is substituted for chlorine in ben- 
zy] chloride in three weeks at room temperature (1869). 

During his work on secondary butyl alcohol Lieben 
treated ethyl alcoholic solutions of iodine with potas- 
sium hydroxide, producing iodoform. This was not a 
new observation, since this method of making iodoform 
had been used by Serullas in 1832. But Lieben did 
TT Liesen, A., AND E. PaTERNO, Ann., 167, 293 (1873). 
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show that this reaction is a very sensitive test for ethyl 
alcohol and, furthermore, that acetaldehyde, as well as 
all substances containing the groups CH;COC< or 
CH;CHOHC <, react with iodine in the presence of 
alkali hydroxide to yield iodoform. 

While Lieben was in the midst of this study of the 
iodoform reaction, Liebig, Wéhler, and Buff, who were 
on a vacation tour, dropped into the laboratory at 
Turin. Lieben told them of his current experiments 
and Liebig, sensing the significance of this iodoform 
reaction, asked Lieben to publish his results in the 
Annalen. The invitation was accepted.!? The iodo- 
form test was destined to become extremely important 
and widely applied. Ten years after Lieben’s paper, G. 
Kramer employed it in the analysis of technical methyl 
alcohol. Since Lieben had shown that pure methyl 
alcohol does not give this reaction it is possible in this 
way to determine quantitatively the acetone present 
as an impurity in methanol. The iodoform reaction 
later gave rise to the masterly study of chelidonic acid 
by Lieben and Haitinger, because the former had been 
struck by the intense response of chelidonic acid to this 
test.18 

Lieben was conservative in the matter of publication. 
His axiom was to publish only that which had passed 
his own severest tests, and which in all likelihood would 
hold up against attacks by future workers. For the 
most part, he preferred that his collaborators publish 
under their own names, with no mention of his partici- 
pation. 

In a previous paper of this series, Skraup was said to 
be Rochleder’s pupil. Although this is correct, yet he 
was also Lieben’s pupil. When Lieben was called to 
Vienna as Rochleder’s successor, he suggested that 
Skraup, who had been Rochleder’s assistant, work on 
the iron cyano compounds. The two papers by Skraup 
on this topic clearly reveal Lieben’s influence and coun- 
sel. 

Lieben’s accomplishments were freely acknowledged 
and lauded by the chemical world. At the early age of 
34 he was elected to the Vienna Academy. Similar 
elections came from Rome, Turin, ‘and Munich. He 
was vice-president of the German Chemical Society in 
1884. The London Chemical Society and the Societé 
Chimique de France conferred honorary membership 
upon him. The French Academy awarded him its 
Lavoisier and Berthelot medals. After Lieben’s retire- 
ment, the Emperor Franz Josef made him a member of 
the Austrian upper chamber, which corresponded to 
the British peerage. 

In closing his recollections of his early years!* Lieben 
said: ‘‘My concept of the task of science, whose service 
I entered more than a half century ago, has remained 
unchanged: to search for the truth regardless of per- 
sonal profits and general preconceptions. I believe I 
can truthfully say that I have sought this goal honestly 
and unswervingly.” 





12 Lrgpen, A., Ann. Suppl., 7, 218 (1870). 
138 KouN, M., THIS JOURNAL, 20, 471 (1948). 
14 “‘Festschrift,”’ p. 20; see footnote 5. 
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The Conductance of Electricity 
through Solutions 


of Strong and Weak Electrolytes 


JOHN G. MILLER and WALTER W. LUCASSE 


University of Pennsylvania, Philadelphia, Pennsylvania 


N SEVERAL types of experiments in physical chem- 
istry for undergraduates refinement of technique 
has steadily increased, while often the basic significance 
of the quantity measured has decreased, or at least, 
assumed different emphasis. The conductance of elec- 
tricity through solutions is a case in point and is usually 
illustrated by conductance titrations and by the deter- 
mination of the equilibrium constant of one or more 
weak acids, after obtaining the cell constant. Succes- 
sive editions of laboratory outlines are apt to indicate 
more accurate temperature control and increasingly 
elaborate sources of current. However, with the grow- 
ing emphasis in the classroom upon interionic attrac- 
tion and with the knowledge that the “true dissociation 
constant” (5, 1) is never obtained by the student, it 
seems less important than formerly to attempt to re- 
produce the uncorrected literature value of the constant 
of a weak acid as determined by this method. The ob- 
jective of the experiment might well be altered to stress 
the difference in the magnitude and variation of the 
conductance of strong and weak electrolytes and the 
fact that formal substitutionof the conductance ratio into 
the mass action law fails to give a constant in the former 
case while an approximate constant results for weak 
electrolytes. 

Such an objective can be achieved with relatively 
simple apparatus and with great saving of time. Con- 
ducted as indicated below, the experiment makes use 
of two beakers, a dipping electrode, and a telephone re- 
ceiver with a microphone hummer, together with the 
resistance and slide: wire of the Wheatstone bridge. 
The entire experiment is usually completed in a single 
three-hour laboratory period and always in two two- 
hour periods. 

The three parts of the experiment are conducted in 
the same general manner. In the first part, approxi- 
mately 0.19 g. of potassium chloride is weighed exactly 
to the nearest milligram directly into a 50-ml. beaker. 
This is then introduced into a clean, dry 600-ml. beaker 
and exactly 50 ml. of distilled water added to the salt 
in the small beaker. When well mixed, this gives an ap- 
proximately */.) solution in sufficient amount to cover 
the electrodes which should be previously cleaned and, 
except for the platinum itself, thoroughly dried. After 
three determinations of the resistance have been made, 
50 ml. of distilled water are added to the solution by al- 
lowing the water to flow from a pipet into the small 
beaker. This is then rolled over on its side so that the 
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solution is well mixed. By careful manipulation, the 
small beaker can be filled with the uniform "/4 solu- 
tion which has resulted from the dilution. After ob- 
taining the resistance of this solution, two more dilu- 
tions are made—with 100 and 200 ml. of water—to 
study approximately "/g) and */1s) solutions, being sure 
to note the temperature of the final solution. 

The experiment is repeated in the same general fash- 
ion starting, now, with exactly 50 ml. of approximately 
0.1 N acetic acid from a stock solution whose exact 
concentration is known. By adding 50, 100, and 200 
ml. of distilled water the resulting solution is one-half, 
one-quarter, and, finally, one-eighth its original con- 
centration. 

In the final repetition, approximately 0.23 g. of mono- 
chloroacetic acid is weighed exactly to the nearest milli- 
gram directly into the 50-ml. beaker. Solution and 
dilution are repeated in the same manner as with the 
potassium chloride. 

A plot of the measured resistance of the solutions of 
potassium chloride as ordinates against the square root 
of the normality permits reading the value of the re- 
sistance at exactly ‘/s5. By means of this measured 
resistance (x) and the value of the specific conductance 
(k) of */s potassium chloride at the corresponding 
temperature: 


k = [2.42 + 0.052 (¢ —18)] x 10-3 
the cell constant (c) can be calculated: 
c = kx 


Using the cell constant, the equivalent conductance 
(A) of each of the three solutions at the four known con- 
centrations can be calculated. For the equivalent con- 
ductance of the three solutions at infinite dilution, the 
following equations have proved satisfactory: 

129.4 + 2.80 (¢ — 18) 


350.2 + 5.79 (¢ — 18) 
352 +53 (¢ — 18) 


for potassium chloride: Ao 
for acetic acid: 0 
for monochloroacetic acid: Ao 


In all cases, the conductance ratio (CR = A/Ao) which 
results from these values, can be used as a convenient 
quantity for showing the conductance as a function of 
the concentration. Indeed, the conductance ratio shows 
more clearly the difference between strong and weak 
electrolytes than does the equivalent conductance. 

For weak electrolytes, since the conductance is due 
primarily to the number of conducting particles, the 
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conductance ratio can immediately be identified with 
the degree of dissociation and the mass action constant 
calculated in its usual form: 





Variation of the conductance of solutions of strong elec- 

trolytes with the concentration, however, is due for the 

most part to changes in the ionic mobility and to show 

the inapplicability of the last equation to solutions of 

such electrolytes, it is of interest to use the equation: 
A?N 


Ke on 
Ao(Ao — A) 


Formally these equations are entirely equivalent and 
the second, although avoiding the symbol a, embody all 
of the concepts of partial dissociation. On the basis of 
his classroom work, the student is not surprised to find 
that ‘‘K’’ is not a constant. 

Two sets of data, obtained by typical student groups 
as outlined above, are shown in Table 1. The results 


TABLE 1 
THe CONDUCTANCE OF SOLUTIONS OF STRONG AND WEAK ELECTROLYTES 


Student Group ““A”’ Student Group “‘B”’ 
Potassium Chloride at 18°C. Potassium Chloride at 20.5°C. 
N A CR wa Sd N A CR —_ 

0.050 115.4 0.89 0.360 0.050 121.8 0.89 0.360 
0.025 118.4 0.91 0.230 0.025 127.6 0.94 0.368 
0.0125 121.6 0.94 0.184 0.0125 137.6 1.01 niece 

9.0063 123.5 0.95 0.114 0.0063 133.5: 0.98 0.303 


0.0 129.4 1.00 ne 0.0 136.4 1.00 
Acetic Acid at 18°C. Acetic Acid at 20°C. 

N A CR 10° K N A CR 105 K 
0.1308 4.29 0.0123 2.00 0993 4.83 0.0133 1.80 
0.0654 6.06 0.0173 1.99 0.0497 6.72 0.0186 1.75 
0.0327 8.56 0.0244 2.00 0.0248 9.84 0.0272 1.89 
0.0164 11.95 0.0341 1.97 0.0124 13.95 0.0386 1.92 
0.0 350.2 1.0000 .... 0.0 361.8 1.0000 
Monochloroacetic Acid at 19.5°C. Monochloroacetic Acid at 20°C. 

N A CR 103 K N A CR 10° K 
0.05386 59.0 0.164 1.72 0.0487 58.9 0.162 1.53 
0.0268 79.9 0.222 1.70 0.0244 77.5 0.214 1,42 


0.0134 106.7 0.296 1.67 0.0122 109.0 0.301 1.58 
0.0067 140.9 0.391 1.68 0.0061 141.0 0.389 1.51 
0.0 360.0 1.0000 .... 0.0 362.6 1.0000 . 


indicate the usual order of accuracy, the magnitude and 
constancy of K which may be expected, and the sensi- 
tivity of the final values of ‘‘K”’ to errors of experiment- 
ation and plotting. Due to the differerices in tempera- 
ture at which the work has been carried out over the 
years, no attempt at a statistical study has been made. 
However, it has been clear that all students have been 
readily able to illustrate the fundamental objectives 
of the experiment: that at finite concentrations strong 
electrolytes show higher conductance and more parti- 
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cularly conductance ratios than weak, and that, for the 
latter, the Ostwald dilution law is approximately valid. 

The accepted values (3) for acetic acid at 18° and 
25°C. are 1.806 and 1.813 X 10-5, respectively. Daw- 
son and Reiman (2) have shown that K for monochloro- 
acetic acid is not quite constant, decreasing at 25°C. 
from 1.58 to 1.44 X 10~* as the concentration decreases 
from 0.05 to 0.005 NV. The fact that the constant shows 
more drift for this electrolyte than for acetic acid is not 
always confirmed by the student, but the reason this 
should be the case is readily understood. 

Three obvious disadvantages of the suggested pro- 
cedure should be noted. In general, the cell constant 
depends to a slight extent upon the proximity of the 
electrodes to the walls of the vessel and to the surface of 
the liquid. The former effect has been practically elim- 
inated by the type of electrode (4) used and the effect 
of the differing height of the liquid above the electrodes 
is well within the experimental error. The conductance 
is a marked function of the temperature but by use of 
distilled water at room temperature for dilution, this 
factor was minimized. Finally, except for the initial 
concentration of acetic acid, the solutions are not on a 
truly normal basis. However, at the low concentra- 
tions studied, the deviation is, again, well within the 
experimental error. 

These approximations, together with the lack of a 
fixed temperature and elaborate electrical equipment, 
seem to be more than compensated by the advantages 
achieved. Indeed, the influence of temperature is more 
likely to be impressed upon the student by calculations 
with the above equations than by the use of a thermo- 
stat. In the simplified procedure, adequate training in 
technique is attained without loss of focus of attention 
on the major theory of the experiment. The relatively 
few students who go on to advanced experimental work 
may better learn the mastery of the latest refinements 
of apparatus and procedure at that time. The many 
will profit more by the broader range of exemplified 
theory which the saving of time will permit. 
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SPUDS GO IN FOR SUGAR 


Sweet potato is doing yeoman service during the period of sugar shortage. Fudge may 
be made with it, requiring only about one-fifth the amount of sugar used in ordinary . 
fudge ... numerous other food and confectionery applications are in the cards. 
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The Chemistry of Flavor’ 


ERNEST C, CROCKER 
Arthur D. Little, Inc., Cambridge, Massachusetts 


VERYONE is familiar with flavor—intimately 

familiar—and has been so all his life. Everyone has 

noticed how foods figuratively speak to us through 
flavor, suggesting that we do or do not eat them. 

A few animals choose food by sight. Birds generally 
do, and many fishes. Sometimes trout or bass regret 
that they snap at almost anything that suggests food. 
Most animals are attracted to food by its aroma. 
When presented with food, they appraise it carefully 
by smell, and only if it stimulates the appetite, will 
they eat it. 

The human race is gradually making food its servant. 
People eat what they suppose is good for them. How- 
ever, this does not prevent the appeal of fine foods in 
good condition. No doubt, in the pre-refrigerator days, 
appraisal‘ of foods by odor prolonged the lives of our 
ancestors. Another angle of food flavor is that it may 
be used as a part of enjoyment or even of indulgence, 
giving rise to gourmets and gourmands. The principal 
value of flavor is in its appeal to and stimulation of the 
digestive system. 

Flavor registers through several senses, but most 
notably through smell and taste. Our awareness of 
it is always chemically excited, whereas sight is stimu- 
lated by light, the coolness and warmth factors of 
feeling by temperature, the contact sense by pressure, 
and hearing by sound. Always, some chemical sub- 
stance must impress itself upon us, diffused in the air we 
breathe or dissolved in a juice or in our saliva. We 
need not shudder at that word ‘‘chemical,’’ for even the 
best of foods are necessarily chemical in constitution. 
Flavor may be defined as that property of food and 
beverage that enables it to register on the senses when 
the food is placed in the mouth. 

We think naturally first of the sense of taste, which 
permits us to detect the sweetness of sugar, the salti- 
ness of sodium chloride, the sourness due to the hydro- 
gen ion, and the bitterness due to a wide variety of 
chemicals, some ionized and some not. This sense 
operates through the taste buds located on the tongue 





1 Presented at the Seventh Summer Conference of the New 
England Association of Chemistry Teachers, Amherst, Massa- 
chusetts, August 10, 1945. : 
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and adjacent tissues. How it operates is not known. 
We do know, however, that there are four distinct 
kinds of taste buds and that each kind responds to only 
one component of taste, as sweetness, saltiness, sour- 
ness, or bitterness. The implication is that four kinds 
of nerves lead from these sensitive detector cells, each 
capable of giving rise to a particular kind of sensation 
when stimulated. 

Physiologists have located areas on the tongue that 
are sensitive to each of the respective elemental kinds 
of taste sensation, for instance bitterness chiefly at the 
back of the tongue and sweetness prominently at the 
tip. The beer drinker knows what he is doing when he 
tilts back his head to enjoy the bitter flavor as the liquid 
laves the back of his tongue, and the youngster is wise 
in licking an ice cream cone, for the end of his tongue 
best responds to sweetness. Also, the slow eating of ice 
cream allows it to warm up a bit, thereby giving off 
more aroma. 

Besides the four true tastes of sweetness, saltiness, 
sourness, and bitterness, there is the intense sensation of 
coolness produced when we eat a peppermint patty or 
other composition containing menthol. Menthol pro- 
duces an icy cold sensation that is a prominent part of 
flavor. It can do this anywhere on the skin of the body 
but works fastest in the mouth or nose. Spices, such as 
ginger or pepper, taste hot. Oil of cloves tastes hot for 
a moment and then numbs the tongue. Alcohol, in 
various dilutions, also has heating and numbing action 
when in the mouth and if used as a depth bomb. Be- 
sides stimulation of warmth, coolness, and numbness, 
there can also be pain, as from too much red pepper, 
and textural consciousness. Thus all of the factors of 
touch contribute to flavor. 

Still more important is smell. All of us are aware of 
the aroma that greets our noses when we enter a house 
where food is being prepared. Of far greater importance 
is the aroma that is released within the mouth while 
food is being eaten. The aroma courses up to the nose 
by the back way, inside the head. Under these very 


. favorable conditions of moisture and temperature, even 


substances such as fats and oils, that seem odorless, 
produce enough aroma that it becomes an important 
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part of the flavor. Almost all the flavor of fruits, and 
much of that of most other kinds of food is smell. 
Food workers soon learn that smelling is an effective 
way of judging much of the flavor of food, and smell- 
ing doesn’t put on weight. The significance of this 
whole matter is that volatile flavorings are the most 
important of all. 

The sense of smell is very sensitive and is extra- 
ordinarily analytical and discriminating. Whereas 
there are only a comparatively few distinctively differ- 
ent tastes, there are many thousands of different odors. 
Odors differ in many ways besides the obvious smell dif- 
ferences, such as in elusiveness or persistency, gentle- 
ness or pungency, and in their different tendencies to 
dissolve in water or in oil. This does not mean, how- 
ever, that there exist any great number of kinds of 
odor response cells, each with appropriate nerve con- 
nections. Odors have been classified on the basis of 
the stimulation of only six or even of four kinds? of 
nerves, each stimulated to relatively different degrees 
by any particular odor. Besides the ability to detect 
odor, the nose also is responsive to certain feelings, 
such as coolness, contact, and pain. Menthol feels 
cool on smelling, and most so-called ‘‘strong’’ odors 
cause pain in the nose. Pungency probably is only a 
pain in the nose. Summarizing, what we smell is true 
smell plus feeling, and what we taste is true taste plus 
feeling, involving thus the three senses of smell, taste, 
and feeling for flavor detection. 

Nearly all flavors are organic in the chemical sense. 
The only important inorganic flavor is salt. Even the 
so-called chlorine flavor of water is not that of the 
element chlorine, but is due mostly to chlorinated or- 
ganic substances. Of the organic flavoring substances, 
some, such as citric, tartaric, and a few other fruit acids 
and most of the alkaloids and other bitter substances, 
are nonvolatile. The great majority, however, of 
flavoring substances are volatile and depend upon 
stimulation of the sense of smell for their activity and 
value. 

Flavor chemicals generally contain carbon, hydrogen, 
and oxygen only, but some important ones also contain 
sulfur or nitrogen, or both. Almost never is any other 
chemical element involved. With these few elements, 
nature has produced an abundance of odors, many of 
which are of interest in food flavors. It is hardly a 
requirement for a cook to have studied organic chem- 
istry, but it might sometimes be a help. To most 
of us, food flavors are another role for chemicals, some 
of which we would never ordinarily associate with ed- 
ibles. Let us survey the various classes of organic com- 
pounds, to see what manner of substances we eat, and 
like. 

Among the hydrocarbons in foods the terpene di- 
pentine is perhaps the most conspicuous. Oils of orange, 
lemon, and lime contain about 90 per cent of this sub- 
stance. Many other essential oils contain terpenes, 





2 Refer to Crocker-Henderson system of odor classification, 
presented in the McGraw-Hill Co. book, 
author. 


“‘Flavor,’’ by the 
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too. These are considered not especially desirable, for 
most of them become varnishy flavored, or so-called 
“terpy,’’ on oxidation. Some of them, as in oils of 
ginger and peppermint, may act as carminatives. There 
are times when we may wish to belch, but generally a 
burpless flavor is desired. To prevent excessive ten- 
dency either to terpiness or to burpiness, some of the 
terpene-rich oils are deprived of their terpenes. It must 
be said, however, that these deterpinated oils, while 
smooth in flavor and useful, are considerably short of 
the realism and complete flavor of the terpene-contain- 
ing oil. . 

Alcohols are found in fermentation products and in 
some essential oils, but their oxidation products, the 
aldehydes, and the combinations of alcohols with acids, 
the esters, are much more common. Flavor alcohols, 
of course, include ethyl alcohol and the so-called fusel 
oil alcohols, chiefly isobutyl and isoamyl. The alcohols 
present in oils of spices, herbs, and flowers are mostly 
terpene alcohols with the empirical formula CiHi.0, 
and include the geraniol and citronellol of roses and the 
terpineols of many coniferous oils. A few, however, are 
nonterpene in character, as octyl alcohol and phenyl- 
ethyl alcohol. 

Ethers are comparatively rare, and those that exist 
are mostly the methyl ethers of phenols, known as 
methoxyl compounds. The so-called ‘‘fruit ethers’ are 
chemically not ethers at all but are esters, frequently 
the ethyl esters of acetic, butyric, and other volatile 
acids. 

Esters are very common in the flavors of fruits and 
spices, and in some instances, of flowers as well. Lin- 
alyl acetate, for instance, is typical of lavender, methyl 
salicylate of wintergreen and birch oils, and ethyl ace- 
tate is the principal substance besides acetic acid in 
vinegar. It is prominent in the bouquet of all liquors. 
Isoamyl acetate, often called banana oil, smells like 
bananas. The fats, whether of vegetable or animal 
origin, are the glyceryl esters, principally of oleic, 
palmitic, and stearic acids. They have little or no true 
taste and but slight odor, when pure, but contribute 
greatly to the textural part of flavor. 

Acids are very common food flavor ingredients. The 
volatile ones range from the acetic acid of vinegar, 
through the propionic acid of Swiss cheese to the bu- 
tyric acid of butter and the traces of caprylic and caproic 
acids of the stronger cheeses. The nonvolatile acids 
include the citric of oranges and lemons, the malic of 
apples, and the oxalic of rhubarb. 

Acid anhydrides exist in flavors produced by heat- 
ing and by the action of certain bacteria. Most im- 
portant among these is diacetyl, which is a sort of 
anhydride of acetic anhydride. . Diacety] is characteris- 
tic of the odor of butter but is also to be found in such 
other diverse flavors as cheese, beer, tobacco smoke, 
honey, and maple syrup. Ketene, another anhydride, 
smells of the pickle barrel. 

Aldehydes add vigor and pungency to many flavors. 
Those of interest include the acetaldehyde of sherry 
wine, the benzaldehyde of wild cherry flavor, cinnamic 
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aldehyde of cinnamon and cassia, and the substance 
vanillin. These are commonly present in large propor- 
tions, while a wide variety of other aliphatic and aro- 
matic aldehydes are present only in traces. 

Ketones produce camphoric and weedy notes in 
lavender, eucalyptus, sage, and many other herbs. 
Ketones also produce odors such as violet and orris, 
which are sometimes used in candy. 

Phenols are found in food flavors. Two examples 
are the guaiacols or creosotes which are absorbed by 
ham, turkey, fish, or frankforts from hardwood smoke, 
and the eugenol of oil of cloves. The phenols and their 
methyl ethers are very common in spice oils. 

Nitrogen compounds in great variety exist in food 
flavors and contribute a great deal of distinctiveness. 
They are the methyl amines, which produce the flavors 
of fish and of shellfish and the butyl and amyl amines 
which have vegetable character, especially beaniness. 
Cantaloupe melon. is almost unique among fruits in 
that it has a relatively high pH, sometimes being even 
markedly alkaline, and gives off an amine that has 
unusual ability to contaminate other foods stored with 
it in a refrigerator. The amino acids of foods contain 
nitrogen. When coupled together as proteins, amino 
acids have very little flavor, but a few of the free acids, 
especially glutamic, have pronounced taste. The pyri- 
dines and quinolines are present in tobacco smoke and 
in the browned crusts of bread and meats. The ester 
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methyl anthranilate, that produces the distinctive 
character of Concord and Delaware grapes, contains 
nitrogen. Minute traces of the bases indole and scatole 
are released when proteins decompose and sometimes 
get into food flavors. 

Sulfur compounds tend to produce sharp, harsh, and 
pungent flavors, such as the odors of onions and garlic. 
They are responsible for all the odors and the tingle of 
products of the cabbage family, such as turnips, sauer- 
kraut, mustard, and radishes. Eggs release some of 
their sulfur on boiling. Sulfur compounds exist in 
traces in some fruits, such as tangerines, temple oranges, 
and the durian fruit, and contribute to the tang. 

This recitation of the various chemical substances 
that produce food flavors should produce mixed emo- 
tions. On the one hand, some of us may be almost horri- 
fied at the thought of some of the chemicals that we 
eat, and which taste good. Apparently, in the quanti- 
ties present in foods these substances are relatively 
harmless. If they do a little damage we quickly re- 
cover therefrom, for such slight toxicities as are present 
are usually not cumulative, as are some of the mineral 
poisons. On the other hand, it is evident that there is 
only one chemistry, for all purposes. Nature draws 
upon many of the substances for flavoring purposes 
which we think of as belonging only in the laboratory. 
We should have more appreciation of both the chemicals 
and the flavors to which they contribute. 


Predoctoral Fellowships in the Natural Sciences 


THE National Research Council has announced that it is 
ready to receive nominations and applications for the predoctoral 
fellowships in the natural (7. e., mathematical, physical, and bio- 
logical) sciences which it is administering under a grant from the 
Rockefeller Foundation. These fellowships are intended to 
assist young men and women, whose graduate study has been 
prevented or interrupted by the war, to complete their work for 
the doctorate. It is hoped that these fellowships will do much 
to accelerate the recovery of the scientific vigor and competence 
of the country which is so seriously threatened by the loss of al- 
most two graduate school generations of scientifically trained 
men and women. 

This program will be administered by a Committee on Pre- 
doctoral Fellowships of the National Research Council whose 
members are Henry A. Barton, Charles W. Bray, Detlev W. 
Bronk, Luther P. Eisenhart, Ross G. Harrison (Chairman of the 
National Research Council, ex officio), W. A. Noyes, Jr., and 
John T. Tate, chairman; Enid Hannaford, secretary. 

The annual stipend will be $1200 for single persons and $1800 
for married men. In general it is expected that each recipient 
will spend at least eleven months per year on academic work. 
An additional allowance up to $500 per year will pe made for 
tuition fees. Fellowships granted to individuals who are eligible 
for educational support from the ‘“‘G. I. Bill of Rights’’ will be at 


such stipends as to bring the total income from these two sources 
to that which would be received at the above rates. 

Each fellow, before entering on his graduate studies, will submit 
for review by the Committee on Predoctoral Fellowships a 
schedule, approved by the dean of his graduate school, for the 
completion of his work for the doctofate. This schedule, as 
approved by the committee, will constitute an informal agreement 
upon the basis of which stipend payments will be made. At the 
discretion of the university concerned the fellowship stipend may 
be supplemented by university grants. All such supplementary 
sources of income should be made a matter of record with the 
committee. The progress of the fellows will be subject to 
periodic review by the committee which reserves the right to 
cancel fellowships when in their judgment satisfactory progress 
is not being maintained. 

Prospective candidates for these fellowships are urged to apply 
at once even though they may be unable to undertake their 
graduate study in the immediate future. Information concern- 
ing these fellowships and nomination-application blanks are 
being mailed out widely to graduate schools and wartime re- 
search laboratories. They may also be obtained by writing di- 
rectly to the Secretary, Committee on Predoctoral Fellowships, 
National Research Council, 2101 Constitution Avenue N. W., 
Washington 25, D. C. 








RECENT BOOKS 


SCIENTIFIC SOCIETIES IN THE UNITED StaTEs. Ralph S. Bates. 
A Publication of the Technology Press, Massachusetts Insti- 
tute of Technology. John Wiley and Sons, Inc., New York, 
1945. vii + 246p. 14 X 22cm. $3.50. 

This book discusses the history and influence of the scientific 
societies of the United States, and sets forth the extent and detail 
of the basis upon which any roster of scientific personnel will have 
to be constructed. The five chapters carry headings which indi- 
cate clearly the scope of their contents—I. Scientific Societies in 
Eighteenth Century America; II. National Growth, 1800-1865; 
III. The Triumph of Specialization, 1866-1918; IV. American 
Scientific Societies and World Science, 1919-1944; and V. The 
Increase and Diffusion of Knowledge—and are followed by an 
excellent bibliography and a carefully constructed, very useful 
index. 

The book does not contain satisfactory accounts of the his- 
tories of particular societies, but it tells where such accounts may 
be found and it places the societies in relation to their times, to 
the causes which brought them into existence, and to the cultural 
movements of which they form part. 

It is a good job of historical writing, tightly packed with docu- 
mented facts of which it gives an estimate and an interpretation. 


TENNEY L. Davis 
NORWELL, MASSACHOSETTS 


CaLcium METALLURGY AND TEcHNOLOGY. C. L. Mantell, 
Consulting Chemical Engineer, and Charles Hardy, President, 
Charles Hardy, Inc. (A. C. S. Monograph, No. 100.) Rein- 
hold Publishing Corporation, New York, 1945. 148 pp. 
32 figs. 30 tables. 15 K 23cm. $8.50. 

This interesting book contains one chapter on the properties 
of calcium; one chapter on the production of calcium; eleven 
chapters on calcium alloys; and three chapters on various uses 
of calcium. The authors state that as much of the available in- 
formation as can be published is gathered in the book but empha- 
size that many applications of calcium metal are of the secret 
art or unpublished variety. 

The book is well written and very informative. The many 
phase diagrams of the alloys are well drawn and should be of 
value to teachers of physical chemistry; the material on prepara- 
tion and properties should be of use to teachers of inorganic 
chemistry. 

ARTHUR A. VERNON 


NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 


GENERAL CHEMISTRY. An elementary survey emphasizing 
industrial applications and fundamental principles. Fifth 
Edition, rewritten and revised. Horace G. Deming, Professor 
of Chemistry, University of Nebraska. John Wiley and Sons, 
Inc., New York, 1944. x + 706 pp. 167 figs. 14 XK 22 cm. 
$3.75. 

This most recent addition to the Deming series purports to be a 
fifth edition, but the text has been so largely rewritten that, in 
spite of many desirable features, it suffers the faults of a first: 
typographical errors; cross references and formulas incorrectly 
given; sections picked up from earlier editions apparently out of 
place; and occasional controversial or incorrect statements made 
as statements of fact. There are 712 pages, compared to 774 in 
the fourth edition, but the smaller page margins allow an actual 
increase of almost 20 per cent in the number of words per page. 
There are 15 pages of appendix and logarithm tables. The text 
is designed for a dual purpose: to fit a brief course such as that 
of the AST program, or to prepare engineering students for 
more advanced courses. The basic idea is sound, and the elimi- 
nation of objectionable points in subsequent printings will pro- 


duce a most acceptable text for students planning a career in 
chemical engineering. 

As the author points out, the sacrifice of museum material has 
provided space for the development of topics of lively interest. 
In a few cases the space is apportioned fairly enough; but the 
number of pages devoted to certain favorite topics is so large 
thatthe net gain is nullified, and some of the fundamental topics 
have to be passed over much too briefly. Thus four chapters 
are devoted to the ceramic and related industries (lime, cement, 
etc.) while the metals are crowded into five chapters, two of 
which are on iron and steel. 

It is apparently expected that the text should be used by 
students with no previous training in chemistry or physics, and 
considerable space is devoted to the most elementary definitions 
and to the relation of metric to English units. Some of these 
early paragraphs however should be rewritten for the sake of 
clarity. After the distinction has been made between elements 
and compounds, and between. atoms and molecules, the student 
is led to infer that for crystalline substance such as sugar there 
are individual molecules possessing the physical as well as the 
chemical properties of the substance, color, crystalline form, etc., 
‘just as national characteristics are determined by the charac- 
teristics of individual citizens.’ He is further led to believe 
that molecules of ‘‘most substances’? would be visible if only 
our microscopes were more powerful. Later on it may be ineffec- 
tive to warn such a student (p. 182) that there is ‘‘little value” 
in the solar-system atomic diagrams—he is too liable to regard 
such diagrams as photographic reproductions of the atom. Such 
oversimplification in the early pages goes hand in hand with a 
discussion of isotopes and the mass spectrograph—diagrams of 
the apparatus and typical mass spectrograms are given on page 
31, although both idea and vocabulary must be entirely new to 
the beginner. The physical method for atomic weight deter- 
mination follows immediately after the chemical method, and 
the treatment of both is too sketchy to satisfy the needs of a 
beginning student. 

The most recent discoveries and applications are generally 
well written and up to date at the time of going to press. There 
is a good though brief exposition of modern ideas on corrosion; 
plastics and elastomers are interestingly explained; reaction 
rate and catalysis are treated more clearly than in many general 
college texts; there is a good discussion of the cyclotron, and 
some reference to nuclear transformations. Less pleasing are the 
hurried and overcomplicated treatment of pH measurement, 
where the H,-,.calomel-, quinhydrone-, and glass electrodes are 
intermingled with complex diagrams; of isoelectric point; and 
of phase diagrams which rather discouragingly are introduced 
by the statement that ‘‘no one can learn much about metals and 
alloys without becoming familiar with -phase or equilibrium 
diagrams,”’ followed by a complex Al-Cu diagram suitable for an 
advanced text but completely out of place as a first introduction 
to the subject. 

Avogadro’s principle is given ex cathedra, with no explanation 
of its experimental foundation, and is illustrated with a bewilder- 
ing example: ‘‘Sulfur dioxide gas weighs a trifle more than twice 
as much as an equal volume of oxygen. So every molecule of 
sulfur dioxide must weigh nearly twice as much as a molecule of 
oxygen.” ‘‘Nearly” means to nearly everyone not ‘‘approxi- 
mately” but “almost,” and the principle of Avogadro is made 

needlessly involved. 

The hydrolysis of urea is given (p. 95) as a method for ammoni- 
fication, although neither hydrolysis nor urea has previously been 
mentioned. Hydrolysis turns up again on page 123, and is 
finally defined on page 128 as a reaction involving salts and water. 
The word “stable” is used in the introductory chapters in ex- 
plaining the distinction between atom and molecule. The word 
is later defined (p. 48) in a discussion of the activity series, while 
“unstable” is defined (in a footnote) on: page 218. The entire 
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chapter on electrochemistry has. for some reason been postponed 
to the closing pages, in spite of the overwhelming importance of 
the subject throughout the general chemistry course. Such dis- 
location of subject matter is made still more apparent by the 
cross references. In Chapter 9 alone (on water) cross references 
are given to 35 paragraphs, 27 of which are to advanced sections 
not yet encountered by the student. A little more work here by 
the author would simplify greatly the task of the student—a 
task now well nigh insuperable if the student is conscientious. 

The discussion of ‘‘five types of chemical change,” p. 24, is 
either too long (since one of the five types mentioned is ignored, 
except for one insignificant example, throughout the remainder 
of the book) or too short (since equally important types are 
omitted from the list). The explanation based upon the theory 
of Dalton that atoms can be shuffled, much as a pack of cards, is 
given in the present tense, although it is no longer true, as ia the 
author’s example, that we think, of the fermentation of sugar as 
the breaking up of its molecules into their constituent atoms, 
and then the reassembling of these atoms into new molecules of 
alcohol and carbon dioxide. 

A number of statements are made which are open to question. 
Some of these are doubtless due to incomplete checking of the 
proof, as must be the formula for 1,2-dichloroethylene, which on 
p. 498 is called ethylene dichloride; the statement on p. 28 that 
in the combustion analysis of an organic compound, from the 
weights of CO, and H:O produced we may calculate the percent- 
ages of hydrogen and oxygen in the sample; and the definition 
on p. 648: ‘‘One coulomb is equivalent to the charge on 6 X 1078 
electrons (Avogadro’s number).’”? Some additional errors, ob- 
viously typographical, are the structural formula for propylene, 
p. 506; the graphic formula for cellulose, p. 535; the figure ‘‘50” 
for ‘‘100” on p. 482; and various cross references, not all of 
which have been checked. 

It has already been suggested that most of the faults of the 
volume are due to the haste with which it has been assembled. 
Such undue haste is not apparent in the preparation of the ex- 
ercises at the ends of the chapters. These numerous questions 
and problems are wel! chosen and thought provoking. If in a 
subsequent printing they can be set in larger type they will con- 
stitute the most outstandingly desirable feature of a successful 
text. 5 

P. Y. JACKSON 


UNITED States Navat ACADEMY 
ANNAPOLIS, MARYLAND 


FUNDAMENTALS OF Puysics. Henry Semat, Associate Professor 
of Physics, the City College, College of the City of New York. 
Farrar and Rinehart, Inc., New York, 1945. xii + 593 pp. 
368 figs. 24 tables. 15 XK 23 cm. 


Competition among texts for first-year college physics is so 
keen that any new book must be exceptional if it is to be out- 
standing. ‘‘Fundamentals of Physics” is not exceptional, but it 
is fundamentally sound and should be successful. 

The presentation of ideas has been worked out with great care. 
A simple and direct example is first presented, words are care- 
fully defined, and then the whole idea is‘expanded. Great care 
is taken to avoid analogies, as leading to loose thinking and 
confusion rather than clarity of thought.- The treatment is in 
almost every case brief and directly to the point. In fact, some 
may feel that too many of the usual derivations of formulas are 
omitted and too many statements made without indicated experi- 
mental or theoretical support. This approach was deliberate, in 
order to shorten the book, but a few sections such as those on the 
kinetic theory of gases and the theory of the hydrogen atom have 
been treated fully to show how far one can go in physics with ele- 
mentary methods. It is quite apparent that the author is in 
complete command of his subject, and acceptance of the book 
must depend upon whether or not one approves of the method 
of presentation. 

At the end of each chapter is a long list of problems and many 
searching questions. Proper use of the questions shbuld force 
the student to fill in many of the gaps in the formal presentation. 
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Answers to all the odd-numbered problems are given in the 
appendix, together with a useful glossary of physics terms and 
the usual tables. 

The book is also smaller than usual because of an almost 
complete lack of photographs. Numerous drawings and dia- 
grams occur throughout the book, but they cannot help the 
student to visualize instruments and devices associated with the 
practical applications of the subject. Careful demonstration 
lectures, or a good set of lantern slides, should be used with this 
text. 

The chapters on mechanics are well done, with many clever 
approaches that should help the student to deal wisely with 
qtiestions of force, weight, mass, power, and acceleration. No 
wave theory is presented. The topics of heat are fairly well 
covered, especially in the kinetic theory, but the correlation of 
the gas laws, as shown in the P-V-T solid is completely missing. 
The sections on electricity are conventional, except for the lack of 
the oft-misused water analogy of electrical cells and circuits. 
The treatment of alternating currents includes vector diagrams 
for the impedance effects of inductance and capacitance. Elec- 
trostatic, electromagnetic, and practical units are all used in 
appropriate sections. The M-K-S system is only briefly described. 
Sound is very briefly covered, with little mathematics and no 
real wave theory. The treatment of light is more complete 
and includes a brief discussion of nuclear phenomena. 

This book may be called a streamlined physics text, with the 
emphasis on the physics and not on the applications of physics. 
It is well adapted to the teaching of the fundamentals but will 
not be of much use as a reference work for students of other fields 
of science. 

E. P. LITTLE 


Patturrs EXETER ACADEMY 
EXETER, NEw HAMPSHIRE 


CoLLEGE CHEMISTRY. Herman T. Briscoe, Professor of Chemis- 
try, Indiana University. Houghton Mifflin Company, 
Boston, 1945. viii + 586 pp. 267 figs. 23 tables. 19 x 
25cm. $3.50. 


The present work of Professor Briscoe’s is a revision of his 
“Introduction to College Chemistry.” According to the pre- 
face, the general plan and objectives of the book remain un- 
changed; the alterations which have been made are largely ones 
of method of presentation and sequence of topics. One of the 
major innovations is the adoption of a two-column, larger page 
which contributes as greatly to the reduction of eye fatigue as 
does the very clear type. 

If in the temper of the day one had to classify this book as 
radical or conservative, it would probably be placed just left of 
center. The book follows the conservative approach of develop- 
ing the subject historically, but modern theories have been intro- 
duced very early where it has been found pedagogically helpful. 
Thus, while the atomic theory of Dalton, including the Law of 
Multiple Proportions, precedes the discussion of the structure of 
atoms, the latter appears in an elementary way in Chapter 3. 
The topic of structure of atoms, to be sure, is taken up again more 
completely in Chapter 12. The discussion of acids and bases, 
including hydrolysis, follows the definitions of Brgnsted and the 
subject of strong electrolytes is based upon the concepts of the 
Debye-Hiickel theory. To quote the preface, ‘‘the author has 
emphasized, wherever they could be used to advantage, current 
concepts of the structure of atoms and molecules, of the electron 
theory of valence, of the properties of solutions of electrolytes, of 
acids and bases, and of other subjects concerning which views 
have changed during recent years, but he has tried to present 
these views, not alone and apart as the whole story, but as they 
are related to the views that preceded them.”’ 

For a book designed for an intermediate level of attainment, 
the chapters devoted to descriptive chemistry are unusually full 
and complete. In addition to the traditional material, he has 
included brief descriptions of the less familiar elements and their 
compounds. The photographs are of recent origin and excellent 
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in quality. War applications have not been overemphasized. 
The chapters on organic chemistry include brief mention of the 
recent spectacular developments in “high octane’’ gasoline, syn- 
thetic rubber, plastics, and drugs. Each chapter is followed by 
an extensive list of references to books and journals to which 
college students are likely to have access. The citations con- 
cerning descriptive chemistry, however, seem to be more up to 
date than those concerning theory, where 1941 seems to have 
been the dead line. 

The conclusion which this reviewer has reached, based upon an 
admittedly small sampling of the book, is that teachers will 
make no mistake in selecting it for their beginning course in 
college chemistry. 

LAURENCE S. FOSTER 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


INFRARED AND RAMAN SPECTRA OF POLYATOMIC MOLECULES. 
Gerhard Herzberg, Professor of Physics, University of Saskatche- 
wan.. D. Van Nostrand Company, Inc., New York, 1945. 
xiii + 632 pp. 174 figs. 148 tables. 15 KX 23cm. $9.50. 


This book is an excellent, detailed treatise on a very complex 
field. It is certainly the most complete treatment of the theory of 
long wave length polyatomic spectroscopy that has yet appeared 
with respect to classical and quantum mechanical considerations, 
complete illustrations and examples, and thorough indexing. 
The author has rightly taken the viewpoint that the logical basis 
for presenting this field is through molecular symmetry proper- 
ties and point group assignments. On this basis the subject 
matter is presented in a natural sequence of increasing complexity 
—rotational and vibrational energy levels, normal vibrations and 
their interactions, examples of individual spectra, vibration- 
rotation coupling, and thermodynamic applications. The 
theoretical treatment is self-assured, with the only signs of in- 
decision occurring in the treatment of Coriolis interaction. The 
examples are numerous and pertinent, and the author has con- 
sidered each case with care to the point of making corrections or 
disagreeing with the interpretation of the original work. 

Because of the mass of material and the fact that the book is 
one of a series and therefore refers back to some derivations to 
avoid repetition, its value as a course textbook is somewhat un- 
certain except in advanced cases. Although the author has used 
fine type for material which is illuminating but not absolutely 
necessary for the principles involved, a teacher would have to do 
further careful editing and choosing of sections for use in a typical 
graduate cousse. For such a purpose, the inclusion of an oc- 
casional summary section giving pertinent formulas would have 
been very helpful. For example, once a molecule has been as- 
signed to a certain point group there are simple formulas for de- 
termining the number of vibrations in each species, and the 
selection rules for the fundamental, overtone, and combination 
bands. Such formulas do not appear explicitly in this book. 

Professor Herzberg has considered (admittedly) only the 
theory and examples which are susceptible to fairly exact treat- 
ment. He does not deal with semiquantitative work such as the 
approximate treatment of long chain hydrocarbons as weighted 
chains, with the large field of empirical correlation between spec- 
tra and molecular structure, or with experimental techniques. 
Such aspects should be considered in any complete course in 
spectroscopy, and it is to be hoped that this very excellent work 
will inspire the writing of a book on a comparable level to com- 
plete the field. 

The physical quality of the book is good and the proofreading 
has been excellent. Only one error was observed—the wave 
length scale of Figure 139. The print is necessarily small be- 
cause of wartime restrictions and the photographic spectrograms 
have not reproduced very well, but the easy style and text 
divisions make it very readable. The price is quite fair for such 
an authoritative work. 

VAN ZANDT WILLIAMS 


AMERICAN CyYANAMID COMPANY 
STAMFORD, CONNECTICUT 


JouRNAL OF CHEMICAL EDUCATION 


The CHEMISTRY OF LEATHER MANUFACTURE. George D. Mc- 
Laughlin and Edwin R. Theis. Reinhold Publishing Corpora- 
tion, New York, 1945. x + 800 pp. 218 figs. 328 tables. 
15 X 23cm. $10.00. ! 


In completely rewriting this monograph, the authors have 
fulfilled a need of long standing in the field of leather chemistry. 
Many of the interpretations of data presented in Wilson’s 1929 
second edition are no longer justified in the light of more recent 
experimental evidence, and the current work succeeds in eliminat- 
ing much of this misunderstanding. 

The subject matter included is in stricter keeping with the title 
of the work than was the case with the first two editions, as only 
the purely chemical aspects of leather manufacture are con- 
sidered—with special emphasis on the structure and chemistry 
of skin proteins and on depilation and tanning. This narrowing 
of scope should make the monograph of greater interest and 
value to all workers in the protein/field, and it is, of course, a 
“‘must”’ for leather chemists. ’ 

The treatment of each phase of the subject involves a descrip- 
tion of essentially all of the important and pertinent scientific 
papers published in recent years, and the individual authors’ 
interpretations and conclusions are presentéd. Satisfactory 
summarizations of frequently conflicting opinions are not often 
made, nor are they possible in many cases. The authors have 
avoided the temptation to draw unqualified conclusions based 
on present-day experimental evidence, which is usually far from 
complete or even adequate. In fact, the work not only indicates 
the appreciable activity in this field during the last decade, but 
points clearly to the augmented effort required and likely to be 
attained in the near future. 

KENNETH E. BELL 


A. C. LAWRENCE LEATHER COMPANY 
PEABODY, MASSACHUSETTS 


OF BIOCHEMISTRY. James Murray Luck, 
Editor, Stanford University; James H. C. Smith, Associate 
Editor, Carnegie Institution of Washington, Division of 
Plant Biology, Stanford University. Annual Reviews, Inc., 
Stanford University P.O. Volume XIII, 1944. ix + 795 pp. 
15 X 22.5 cm. $5.00. Volume XIV, 1945. x + 856 pp. 
15 X 22.5cm. $5.00. 


The topics treated in both volumes of this annual review are: 
Biological Oxidations and Reductions; The Chemistry of the 
Carbohydrates; The Chemistry of the Lipids; The Chemistry of 
the Proteins and Amino Acids; The Chemistry and Metabolism 
of the Compounds of Phosphorus; Carbohydrate Metabolism; 
Fat Metabolism; The Metabolism of Proteins and Amino Acids; 
Mineral Metabolism; The Chemistry of the Hormones; The 
Water-Soluble Vitamins; The Fat-Soluble Vitamins; Nutrition; 
The Biochemistry of Malignant Tissue; and Mineral Nutrition 
of Plants. Additional chapters in Volume XIII include: Non- 
oxidative Enzymes; The Steroids; The Biochemistry of the 
Nucleic Acids, Purines, and Pyrimidines; The Nutritional De- 
ficiencies in Farm Mammals on Natural Feeds; The Alkaloids; 
Synthetic Drugs—Antispasmodics; Photoperiodism in Plants; 
Chloroplast Pigments; Growth-regulating Substances in Plants; 
The Biochemistry of Fungi; and Histochemistry. In Volume 
XIV there are also discussions on the following subjects: En- 
zymes that Hydrolyze the Carbon-Nitrogen Bond: Proteinases, 
Peptidases, and Amidases; Nonproteolytic, Non-oxidative En- 
zymes; The Chemistry of the Nucleic Acids and Nucleoproteins; 
X-ray Studies on Compounds. of Biochemical Interest; The 
Chemistry of the Steroids; The Chemistry and Metabolism of 
the Compounds of Sulfur; The Chemistry of the Triterpenes; 
Animal Pigments; Detoxication Mechanisms; Nitrogeneous 
Constituents of Plants; Biological Nitrogen Fixation; The 
Chemistry and Metabolism of Bacteria; and The Chemistry of 
Antibiotic Substances Other than Penicillin. 

Author and subject indexes are, as usual, provided in both 
volumes. 


ANNUAL REVIEW 


























“HAYNES STELLITE” ALLOY REFLECTORS 


THESE finished reflectors of ‘‘Haynes Stellite’”’ alloy are being 
racked for final checks on the accuracy of focal lengths and con- 
tour. 

In making these searchlight reflectors, slabs of the metal are 
cast and then hot-rolled into sheets about 3/15 inch thick. From 
these, discs are blanked and given a parabolic shape. Finishing 
operations follow, including treatment'with fine optical polishing 
materials. Finally come the rigid tests and service at sea. 

An alloy composed of cobalt, chromium, and tungsten, ‘‘Haynes 
Stellite” is used by the Navy for searchlights because of its re- 
flectivity, hardness, and corrosion resistance. Gunfire concus- 
sions, salt air, heat of the carbon arc, and polishing with nitric 
acid do not mar the highly polished surfaces. 

—Electromet Review 
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“Straight Jacket” Condensers 


4941. CONDENSER, STRAIGHT-JACKET. Modified 
Liebig Type With Rubber Bumper Caps. 
Length, mm. 250 300 400 500 600 750 900 


Each........ $0.85 $0.90 $0.95 $1.00 $1.25 $1.80 $2.75 
Lots of 6, 
Each, 96°. <81: 88° ‘yoo’ Aa2 | 1362-2747 


4942. OUTER TUBE, ONLY, For Straight-Jacket Condenser. 
Ends annealed free from strains. " 

Length, mm. 250 300 400 500 600 750 900 
ROOM: c':065i0%e $0.30 $0.35 $0.45 $0.50 $0.75 $1.25 $2.00 


Lots of 36, 
Each, 27) 1 MO: 2588 2 BD 12 


4943. INNER TUBE, ONLY, For Straight-Jacket Condenser 
For Condenser. 

Length, mm. « 250 300 400 500 600 750 900 
Inner Tube 

Length, mm. 500 550 650 750 850 1000 1150 
Each........ $0.27 $0.30 $0.32 $0.34 $0.38 $0.40 $0.65 


W. M. WELCH 


with the 


WELCH 
“Straight Jachet” CONDENSER 


Modified Liebig Type 


@ End-to-End Circulation eliminating end eddy currents, increases efficiency. 
@ Low-cost and case of replacing a broken “Straight-Jacket”’ assures 


@ Molded Rubber Bumper Caps reduce breakage. 
@ Jacket replaceable from your regular tubing stock. 
@ All parts replaceable and interchangeable. 
@ Low initial and replacement costs on all glass parts. 
@ 7 lengths —250 mm to 900 mm. 





THE METAL INLET AND OUTLET- TUBES ARE UNBREAKABLE 
AND CAN BE PLACED AT ANY CONVENIENT ANGLE. 


The glass parts of this condenser are carefully made and annealed and all parts showing strains 


° No. 4941 in the polariscope are rejected. The straight-jacket is a piece of straight tubing carefully flanged 
Patent at the ends to fit perfectly the molded rubber caps. An emergency replacement by means of a 
No. 2047757 piece of stock tubing is possible. 


PYREX Condensers 


In the most common sizes, Straight-Jacket Condensers are 
available in Pyrex Brand as well as soft glass. Obviously, the 
user can also decide for himself whether to use Pyrex Brand 
glass for both outer and inner tubes, or Pyrex Brand for one 
and soft glass for the other. 


4941P. CONDENSER, STRAIGHT-JACKET, Pyrex Brand. 
This is a modified Leibig type with rubber bumper caps. All 
glass parts made of Pyrex Brand glass. 

PMO ALOU GPs cie «<i hireesiaries, ons 300 400 500 
RE Re Seems RAIS eae y $1.55 $1.80 $2.00 


4942P. OUTER TUBE, ONLY, For Straight-Jacket Conden- 
ser, Pyrex Brand. Ends annealed. Free from strain. 

Pe TS ea ae ee a 300 400 500 
MN Foi uaF sco eregsta ekederdno:§ $0.75 $0.90 $1.00 


4943P. INNER TUBE, ONLY, For Straight-Jacket Conden- 
ser, Pyrex Brand. ; 

For Condenser, Length, mm....... 300 400 500 
PERO iis. 6 aii iisasca se oF Ree Le $0.50 - $0.60 $0.70 


SCIENTIFIC COMPANY 


Established 1880 


Each, .25 
1515 Sedgwick Street, Dept. D 


Chicago 10, Illinois, U. S. A. 
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Editors 


HEMICAL education, in common with other 
branches of higher education, is going to be 
mightily dependent upon a decision which must soon be 
made in a domain which may seem far separated from 
it—military expediency. We shall soon be made 
aware that the question of compulsory military training 
is as full of significance in our national life as was (and 
unfortunately still is) that of Selective Service. And 
if we allow the professional military minds to dictate 
our answers to the former question as we eventually 
allowed them to do in the latter casé¢, the results may be 
even more disconcerting. Let us not forget how Selec- 
tive Service muffed the handling of technical person- 
nel—even though the war is over and we won it (or at 
least it still looks pretty much as though we did, not- 
withstanding recent reports from Germany and the Far 
East). The American scientific and technical pro- 
fessions deserve the Purple Heart for what they took 
at the hands of Selective Service, for their wounds are 
stillin bandages. Are we going to let the same brand of 
stupidity take another crack? 

The question is whether the national safety demands 
that young men devote one year of their lives to learn- 
ing the basic principles of military tactics, just at the 
time when some of them are starting to train themselves 
to be of more than average service to the country. 
For don’t forget that the boy who is just starting his 
scientific, medical, or technical training now will be 
“‘ripe’’ for his greatest service in fifteen or twenty years, 
while the boy who goes to the training camp of the 
ground or air forces today will be too old for active ser- 
vice at that time. Didn’t Selective Service tell us that 
the Army had to have men under 26 for combat service? 

If we must prepare for another war on a scale such 
as all this implies, it cannot be for another fifteen 
years at least. With the whole world gasping as it is, 
there are no first-class enemies in sight, and not even 
(well, you know) could be ready for an all-out test of 
power in less than that time. So what’s all the hurry? 
‘ Moreover how can we tell at this time what kind of a 
war would be fought then? It looks as though it would 
be either a more ‘“‘total’”’ one than this last or else one 
which will involve a relatively small number of ex- 
tremely specialized fighting men as well as an intricate 
array of machinery. In either event, the part to be 
played by science and technology will be even greater 
than before. So why not start out with the one ap- 
parent certainty among the many unknown factors? 
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The professional military mind seems incapable of 
thinking of the future except in terms of the past, and it 
admittedly needed much help from civilian specialists 
to cope with the problems of this last war. Never 
before did civilians contribute so much to the actual 
tactics of a war; not content with merely buying War 
Bonds, they developed many of the procedures and 
apparatus used, even to radar, jet propulsion, and the 
“nucleonic bomb.’’ That ought to give civilians a 
right to sit in the councils which determine the post- 
war training policy, just as they did in many of the 
important war councils of the last four years. 

To be sure, the country must be kept defense-con- 
scious. However optimistic we may be of future peace, 
we have been shown that we cannot afford to lose 
sight of the possibility that we may have to fight 
another war. In the light of this let us decide soberly 
just what we need by way of training and preparation. 
But all of us have a stake in this decision; let us not 
permit the military professionals to make the decision 
alone. This is a council in which al] the national in- 
terests should sit. 

If such a council should decide—what is by no 
means a foregone conclusion—that the situation de- 
mands that many millions of young men must be kept 
in training for instant service in the ground forces, 
then let us consider it as a /ax, for it is just that. Don’t 
try to gild that year of taxation, making it appear as 
though it were an education in disguise. There are no 
other possible advantages to be obtained from it but 
national security. It is merely something which the 
boy gives to his country; it is lost to him. 

But even our taxation policies are judiciously con- 
sidered in order to get the most return. And no tax 
falls equally upon all; nothing is so selective as our tax 
system. 

For many young men it is relatively unimportant 
whether they postpone their entry into a life-career for a 
matter of a year or so. But for those going into the 
scientific and technical professions—those who will be 
of the most importance if we find ourselves at war 
again—a year in training camp is not only of no value in 
their training for national defense, but will in many 
cases deter them from ever entering upon that training. 
Let that be considered in formulating any future plans 
for military training, and if the principle of selectivity 
is recognized let us be sure this time that administra- 
tive practices are not allowed to nullify it. 
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What's Been Going Ou 


UPERFINE glass fibers are being used in place of kapok in 
navy life jackets. 

The production of synthetic rubber for 1944 in the United 
States totaled 737,000 tons. 

The longest pipe line runs from Calcutta, India, into China. 

During 1944 4,597,050 pounds of sulfa drugs were produced in 
the United States. 

A dye similar to alizarin brown K in color is produced from 
buckwheat hulls and glycerol. 

The production of synthetic resins and plastics in 1944 reached 
an all-time high of about 400,000 tons. 

More than 1,500,000 paint brushes supplied to the Navy were 
bristled with nylon. 

The injection of iodo-substituted sugars into a patient’s blood 
stream facilitates in making X-ray photographs of the kidneys. 

According to J. E. Hale of Firestone Tire and Rubber Com- 
pany, ‘‘Rayon tires are stronger, develop less heat, are less sub- 
ject to premature body failure, can be designed to give long tread 
wear, can be retreaded more times, conserve more rubber, and 
cost less per mile than cotton tires.” 

A three-pound, rubber-coated nylon, anti-exposure suit, de- 
signed to combat shock from icy waters, has been developed for 
the Air Forces. 

The incorporation of about 20 per cent of finely divided alu- 
minum into rubber increases its resistance to deterioration in rub- 
ber tubing and certain other articles. 

Ferric orthophosphate can be used in cereals and flour to pro- 
vide increased amounts of iron. 

The plastic industry is expected to reach a billion dollar peace- 
time business in the near future. Each automobile is expected tu 
make use of 10 to 20 pounds of plastics. 

Studies on the mechanism of penicillin action indicate that there 
is a change in the blood with respect to (1) the ease and rate of co- 
agulation, and (2) the nonretractile character of the clot produced. 
These facts suggest that the free use of penicillin should not be 
indulged in. 

Staypack is wood compressed at a high temperature and mois- 
ture content, which has little or no springback, about twice the 
impact strength, and a 25 per cent greater tensile and bending 
strength. 

A new wartime alloy is so strongly magnetic that it will lift 
4000 times its own weight. 

Preliminary experiments indicate that the sulfa drugs may be 
used to protect trees against disease. 

Strep throat, trench mouth, and other mouth and throat infec- 
tions have been combated successfully by the use of penicillin 
lozenges. 

The leaves, fruits, and other organs of many plants contain 
penicillin-like substances. 

Synthetic resins are being used in the purification of penicillin. 

A.S. Crafts, at the University of California’s College of Agricul- 
ture, reports that an oil-water emulsion of .2,4-dinitro-6-sec- 
butylphenol is an effective weed killer. 

The mold that yields penicillin is reported to yield rickets-pre- 
venting vitamin D, when irradiated with ultraviolet light. 

Forty-six standard samples of hydrocarbons are now available 
from the National Bureau of Standards. 

In the preparation of foods, the greatest loss of ascorbic acid, 
thiamine, and riboflavine occurs from discarding the juices rather 
than from heating. 

Robeson and Baxter of Distillation Products, Inc., announce 
the isolation of a new vitamin A. They suggest calling this new 
entity Galol (Latin for shark) and the former one Gadol. These 
vitamins are believed to be geometrical isomers. 

Foremost among the advances made in science during the past 
year or so, as reported by Aminco Laboratory News, are the fol- 
lowing: 

(1) The extended use of penicillin in the successful treatment 
of a wide variety of diseases. 

(2) Impregnation of wood with methylolurea in water solution 
for converting soft woods into much harder grades. 

(3) Completion of a 225-ton cyclotron, one of the two largest 


in the world and capable of generating atom-smashing projectiles 
of 15,000,000 electron volts energy. 

(4) Use of the silicone family of synthetic resins in waterproof- 
ing and insulating various materials. : 

(5) Development of a continuous polymerization process to 
replace the older batch type of synthetic rubber production, mak- 
ing possible an estimated 40 per cent increase in output. 

(6) Milling time was cut by a new method of mixing carbon 
black with synthetic rubber in the liquid state instead of later on 
in the process. 

(7) Development of an electronic device which registers the 
speed of flight of projectiles accurately to '/,00,000 of a second. 

(8) Chemical treatments were developed to make stockings 
that will not run, trousers that remain creased, and dresses that 
will not wrinkle. 

(9) Sawdust and sawmill wastes yielded a new plastic, acetic 
acid, industrial alcohol, and several chemicals by means of a con- 
tinuous method of chemically adding water to wood. 

(10) Two new kindg of synthetic rubber were developed, one 
from lactic acid and the other from butadiene and dichlorostyrene. 

(11) Electronic heating was used: to give a permanent set to 
the twist in rayon cord, making it stronger and safer for use in 
tires. 

(12) An electronic cyclograph was used to determine rapidly 
whether a piece of metal meets hardness specifications. 

(13) An electroplating process for copper plating was devised 
which speeds up production by using potassium salts in the bath. 

(14) An electron spectroscope in combination with an electron 
microscope was used to identify chemical elements composed of 
submicroscopic particles, and in combination with a three-di- 
mensional polaroid vectograph to obtain three-dimensional views 
of submicroscopic structures. 

(15) Chlorine dioxide, powerful oxidizing and bleaching agent, 
was produced by a new dry process which depends upon the re- 
action of chlorine and sodium chlorite. 

(16) Itaconic acid, a chemical used in the production of plas- 
tics, was made by fermenting corn sugar with a mold. 

(17) Fluorescent pigments of zinc and cadmium sulfide were 
added to paper while still in the pulp stage, eliminating the need 
of special inks for fluorescent maps. 

(18) An electrolytic process was developed for rapidly deposit- 
ing a tin coating of any desired thickness on any gage of electric 
wire without producing a.copper-tin alloy on the wire. 

(19) A miniature seven-pound electric motor which operates 
at 120,000 r. p. m. was developed. 

(20) An explosive 20 per cent more powerful than TNT was 
made by nitrating an alcohol which in turn is made by treating a 
mixture of formaldehyde and acetaldehyde with lime. 

(21) Jet propulsion was applied to aircraft. 

(22) Robot bombs and self-propelled large rockets were em- 
ployed in warfare. 

(23) The world’s largest bomber, the B-29 Superfortress, en- 
tered the war. 

(24) The splitting of human blood gave albumin for shock, 
gamma globulin for measles preventive, fibrin foam and plastic 
for use in surgery,-fibrinogen for use with thrombin for cementing 
skin grafts, globulin for blood typing, and red cells for wound 
healing. 

(25) Ultraviolet light and triethylene glycol in air was used to 
reduce the spread of air-borne diseases. 

(26) An anti-reticulocytotoxic serum was reported effective for 
stimulating wound healing, suggesting its use as a weapon against 
cancer, high blood pressure, and premature old age. 

(27) Independent development of two 2,000,000-volt X-ray 
tubes made possible X-ray pictures through extremely thick sec- 
tions of steel and also wider applications of X-rays in medical re- 
search. 

(28) Quinine was synthesized from a coal-tar derivative. 

(29) Successfully widespread was the use of the chemical DDT 
as an insecticide. 

(30) A mechanical robot (an automatic sequence control cal- 
culator) to speed intricate calculations was constructed. 

—Ep. F. DEGERING 
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Solutions of Electrolytes 


A Simplified Presentation of Contemporary Theory 


W. F. LUDER 


Northeastern University, Boston, Massachusetts 


OST textbooks of physical chemistry now include 

a brief discussion of the Debye-Hiickel ‘“‘theory 
of électrolytes,” but in general they give neither a 
simple explanation of its fundamental ideas nor an 
adequate discussion of its proper place in the present 
theory of electrolytic solutions. As a result, those 
teachers who are not thoroughly familiar with this 
highly specialized field often find themselves at a loss 
in presenting the theory to their students. This is 
true not only in physical chemistry but in other courses, 
including general chemistry. Several general chem- 
istry texts now contain very misleading discussions of 
the Debye-Hiickel theory. 

Misconceptions of the significance of the Debye- 
Hiickel theory are evident in such statements as the 
following: “The Arrhenius theory is incorrect,’ ‘“The 
Arrhenius theory was eventually replaced by a newer 
and more accurate formulation.”’ Actually, the Debye- 
Hiickel theory is not in itself a theory of electrolytes. 
It is a method of calculating the effects of the elec- 
trical charges of the ions upon one another. It merely 
provides what in most cases amounts to a rather small 
correction factor to the Arrhenius theory. It does not 
replace the Arrhenius theory. Similar errors in ap- 
praising the meaning of the contribution of Debye and 
Hiickel are common, not only in textbooks of general 
chemistry, but in physical chemistry texts also. 

This confusion about the present status of the theory 
of electrolytic solutions is widespread; yet the funda- 
mental ideas are simple enough so that they can be 
readily understood by college freshmen. The mathe- 
matical background for an understanding of the ionic 
atmosphere is beyond freshmen, but fortunately the 
fundamental picture can be presented without even 
mentioning the ionic atmosphere. 

Its presentation to all college freshmen is not ad- 
vocated. Some teachers will even question whether 
it should be given to chemistry majors. However, 
this discussion is intended primarily for interested 
students and for those teachers who have specialized 
in other fields. 

The following method has been tried on freshmen at 
Northeastern University with success. With the addi- 
tion of considerable detail it also serves as the basis for 
the treatment of electrolytic solutions in physical 
chemistry. It is given in this paper almost exactly as 
it is to some of our freshman classes. The familiar 
ideas are outlined here with the new material so that 
the continuity of the reasoning which the reader is ex- 
pected to follow will not be interrupted. The reader 
is asked to think of the following material as a chapter 
in a textbook for the general chemistry course, and in 
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reading it to give it at least the amount of ‘careful at- 
tention a good student would in studying it for the 
first time. The writer must beg this much from the 
reader because the argument does demand following 
consecutive steps of reasoning. . 

As is usually the case with new methods of approach, 
instructors (familiar with another method) seem to 
have more difficulty than the students do.. Before 
trying it for the first time, one colleague of the writer, 
after scanning it for a bare fifteen minutes, remarked 
that freshmen would never be able to grasp such a 
presentation. Fortunately the students were unaware 
of how little was expected of them! On the quizzes 
given a few days later they showed that they had no 
more difficulty with it than with any other part of the 
course. ; 

Before proceeding, we should note that it is to be 
assumed that the following material has been pre- 
sented previously: (1) the meaning of the word ‘‘ion,”’ 
(2) crystal structure and the idea that for salts the 
units are ions, (3) acids and bases,' with some of the 
evidence that they react with the solvent to. produce 
ions, and (4) the colligative properties of solutions of 
nonelectrolytes. 


PROPERTIES OF ELECTROLYTIC SOLUTIONS 
1. Colligative Properties 


Solutions of electrolytes conduct electricity. Elec- 
trolytes belong to one or more of three classes of com- 
pounds: acids, bases, and salts. Solutions of nonelec- 
trolytes (which do not conduct electricity) are char- 
acterized by four properties which depend only upon 
the concentration of the solute. These are: (1) lower- 
ing of the vapor pressure, (2) elevation of the boiling 
point, (3) lowering of the freezing point, and (4) os- 
motic pressure. Since the freezing-point depression, AT, 
is the easiest to measure, it is usually taken as repre- 
sentative of the others. When a nonelectrolyte is 
dissolved in 1000 grams of water, the freezing point is 
lowered at the rate of 1.86°C. per mol (in dilute solu- 
tions). There are 6.02 X 107% molecules in one mol, 
and, in the case of nonelectrolytes, each solute particle 
is a single molecule. Thus AT is the freezing-point 
lowering caused by the number of solute particles in 
1000 g. of solvent, and this lowering is in the ratio of 
1.86°C. per 6.02 X 10? particles. 

When AT is measured for solutions of electrolytes in 
water, it is found to be greater thah 1.86° per mol. 
Table 1 gives approximate values of AT for several 


1 LupErR, W. F., THIS JOURNAL, 19, 24 (1942); W. S. McGutrg, 
AND S. ZUFFANTI, tbid., 20, 344 (1948). 
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compounds dissolved in water to a concentration of one 
molal. 


TABLE 1 
Compound (1 m) Ions AT ia °C: 
Sucrose None 1.86 
HCl H;07*! + Cl7! 3.39 
NaCl Nat! + Ci7} 3.31 
H2SO; H;0 +1 + HSOs"! 2.08 
HC2H302 H;:0+! + C2H302-! 1.88 
NH; NH,*t! + OH™! 1.88 


The figures indicate the effect of 6.02 X 10?* particles 
of sucrose per 1000 grams of water, but of a greater 
number of particles than this for all the electrolytes 
listed. One question immediately arises: if the for- 
mula NaCl represents two ions, Nat! and Cl, in- 
stead of one molecule, shouldn’t we expect to find twice 
as many particles per mol? If NaCl already exists as 
ions in the solid state, why isn’t AT equal to twice 
1.86°, 2. e., 3.72°, instead of 3.31°? To answer this 
question, we must look further into the experimental 
evidence. One way is to examine the change in freez- 
ing point with concentration. 

In order to do this more conveniently, we define the 
ratio between the value of AT for an electrolyte and 
AoT for a nonelectrolyte of the same concentration as 2: 


i = AT / AoT 
where ApZ denotes the freezing-point lowering for 
the nonelectrolyte. In Table 2 we note that 7 in- 


creases so as to approach a value of two at very low 
concentrations of NaCl and HC2H3Os.. 


TABLE 2 
Value of i at concentrations: 
Electrolyte 0.1 m 0.001 m 0.00001 m 
NaCl 1.85 1.97 1.99 
HC:H:02 1.01 1.04 1.70 


At first sight this seems to indicate in each case that 
as the concentration decreases, larger proportions of 
both electrolytes exist as ions in the solution. Whether 
it actually does indicate it, is a question which cannot 
be answered from a study of colligative properties 
alone. Perhaps there is some reason why colligative 
properties do not give a true measure of the number of 
particles when the particles are charged. To find out, 
we must examine the electrical properties of such solu- 


tions. 


2. Electrolysis 


(a) Metallic conductivity. At this point in the dis- 
cussion a brief explanation of metallic conductivity 
and of electrical units is made. It is omitted in this 
paper since it is assumed that readers are familiar 
with it. If not, an elementary chemistry or physics 
book may be consulted. 

(b) Electrolytic conductivity. When an electric cur- 
rent passes through a metallic wire, no chemical reac- 
tion takes place. } The loose electrons in the metal are 
merely pushed from one atom to the next by the bat- 
tery or generator. In contrast, electrolytic conduc- 


tion is accompanied by both a chemical reaction and 


JOURNAL OF CHEMICAL EDUCATION 


by motion of ions. Here it is assumed that the reader 
is familiar with the experimental evidence. In a 
textbook, drawings of the customary demonstrations 
would be included. 

(c) Faraday’s law. As the result of many experi- 
ments, most of which were first performed by Michael 
Faraday, it has been found that one gram equivalent 
weight of material is discharged at each electrode for 
every 96,500 coulombs of electricity passed through 
an electrolytic solution. Here again, in a textbook, 
drawings and a discussion would be included, connect- 
ing 6.02 X 107% electrons with 96,500 coulombs. 

(d) Conductance measurements. Our consideration 
of electrode reactions has made us more confident that 
solutions of electrolytes do contain ions, but it has 
given us no further information on the problem of the 
number of ions present in a given solution. However, 
when we turn to an examination of the method by 
which the current is carried through the solution, we 
find another clue to the answer of the problem of the 
colligative properties. The problem, you will remem- 
ber, is this: does the difference between the value of 
4 and unity represent an additional number of particles 
due to the ionization of the electrolyte, and, if so, why 
doesn’t it have a value of two for uni-univalent salts 
and completely ionized acids and bases? 

We now turn our attention to the electrical current 
through the solution. Suppose we connect a flashlight 
bulb in series with a pair of platinum electrodes and a 
low-voltage source of current. Dip the electrodes 
into a beaker containing various solutions in turn and 
note the brilliance of the light, tabulating the results. 


TABLE 3 
Solute Light 
1 M sucrose None 
1 M NaCl Bright 
1M HCl Bright 
1 M HC:H302 Dim 
1M NH; Dim 


No current is conducted by the sugar solution. Only 
a small amount passes through the solutions of acetic 
acid and ammonia, but the current through the sodium 
chloride and hydrogen chloride solutions is large. 
Does the amount of current depend on the number of 
ions in solution? It would seem so, especially when we 
recall that the solutions which have low current-carry- 
ing capacity are the same ones we know have values 
of z only slightly above one. However, we need a 
more accurate method of measuring conductance be- 
fore proceeding. Also, since our chemical unit is us- 
ually the gram equivalent weight, we need a device 
which measures the conductance of one equivalent. 

Such an apparatus is illustrated in Figure 1.? 

The two large sides of the ‘‘conductance cell’’ are 
made of platinum. The two smaller sides and the 
bottom are made of insulating materials, e. g., glass, 





2 The apparatus actually used in research is much more com- 
plicated for reasons which are beyond the scope of this paper; 
however, the fundamental ideas in the following discussion are 
not affected by the simplification in Figure 1. 
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and the top is left open. The platinum plates are one 
centimeter apart and are connected to an ammeter 
and a source of current as shown. In making measure- 
ments, one gram equivalent weight of solute is placed 
in the cell and enough water is added to secure the de- 
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sired normality. The dotted lines in the figure repre- 
sent different volumes of solution. If the normality 
of the solution is to be 0.01 the cell would have to be 
large enough to hold 100 liters of solution. (This 
size is impractical, and a method of avoiding it is used, 
but this need not affect our present discussion. ) 

For a given solution in the cell it. is found that the 
current is directly proportional to the voltage applied. 
In order to avoid this complicating factor, a quantity 
called the equivalent conductance is defined by the 
equation: 

A =I/E 


The conductance is the current divided by the voltage, 
zt. e., the number of amperes per volt. The same ef- 
fect would be obtained by making the voltage across 
the cell electrodes in Figure 1 equal to one. A is the 
conductance of one equivalent of solute as measured 
in the conductance cell of Figure 1 when the one equiva- 
lent is dissolved in sufficient solvent to give the de- 
sired concentration. 

Table 4 lists a few equivalent conductances at 25°C. 
and a concentration of one-tenth normal: 


TABLE 4 
Solute A 
NaCl 106.7 
HCl 391.3 
HC:H3O2 5.2 
NHs 3.6 


Table 5 shows the variations in A with concentration. 
Note that the conductance of one equivalent increases 
with decreasing concentration, and remember that we 
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have already seen that 7 also increases with decreas- 
ing concentration. 


TABLE 5 
Values of A at Concentrations: 
Elecirolyte 0.1 N 0.001 NV 0.00001 N 
NaCl 106.7 123.7 126.2 
HC2H302 5.20 16.25 273.0 


Figure 2 shows the same thing graphically. The 
intercept of each curve on the y-axis is called the 
limiting conductance, Ao. It is an extrapolated value 
since the difficulties in measuring conductance increase 
as the concentration decreases. 
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THEORY OF ELECTROLYTIC SOLUTIONS 
1. The Problem 


The colligative properties of electrolytic solutions 
seem to indicate that there are more particles present 
than would be expected if no ionization took place. 
On the other hand, in the case of salts they do not seem 
to indicate as large a number as we would expect. 
How are we to account for this apparent inconsistency? 
Suppose we examine the conductance process to see if 
that will help us find the number of ions present in 
electrolytic solutions. 

Now that we know how the experimentally measured 
value of A changes with concentration, let us con- 
sider what factors in the current-carrying capacity of 
the solution can change with concentration. For 
simplicity, we shall assume that there are only two 
kinds of ions present in the solution, one negative and 
one positive, both singly charged. We know that 


I = number coulombs through ammeter in one second 
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Therefore, the current through the solution in the con- 
ductance cell must depend upon both the number and 
the velocity of the ions: 

I = number coulombs carried by positive ions past a given 
plane in one second + number coulombs carried by 
negative ions past a given plane in one second 

We also know that one equivalent corresponds to 
96,500 coulombs so we must bring the number of 
equivalents and the velocity of the ions into the equa- 
tion. Let 


nm, = number eqs. of + ions per eq. of solute in conductance 
cell 

n. = number eqs. of — ions per eq. of solute in conductance 
cell 


velocity of + ions in cm. per sec. 
velocity of — ions in cm. per sec. 


V4. 
v_ 


Referring to Figure 3 the number of equivalents of 
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positive ions passing through the plane AB in one sec- 
ond is m+ X v+. For example, if m+ = 0.11 equiva- 
lents and v+ is 0.01 cm. per sec., the number passing 
through the plane AB will be the number present in 
the cell times the proportion of the distance between 
the two electrodes covered by the ions in one second or 


0.11 X om = 0.0011 equivalent in one second 


Therefore 
I = 96,500 n,v, + 96,500 n_v_ 


but in solution we have 


so let 


Nn, =n. = Ns = no. eqs. of ions of either sign 


and we have, collecting terms, 
I = 96,500 n (0, + v_) 
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For £ equal to one volt, A = J and we have 
A = 96,500 n..(v, + v_) 


So we see that A may vary with the velocities of the 
ions as well as the number of ions. Presumably the 
variation in velocity with concentration is due to the 
changing electrical forces between the charged par- 
ticles. As the solution is diluted, the ions are farther 
apart and the electrical forces between them are 
weaker. 

For salts and completely ionized acids and bases in 
water we already have evidence that m1 = 1. Ifa 
solute is 100 per cent ionized, then there is one equiva- 
lent of each ion in the conductance cell at any concen- 
tration. Therefore, the variation in A with concen- 
tration for such electrolytes must be due to a change in 
the velocities of the ions. If ms = 1 for strong elec- 
trolytes the problem of evaluating the velocity factor 
should be comparatively easy. 

For weak acids and bases, however, it appears that 
both ns and the velocities are changing at the same 
time. Therefore, the evaluation of either the number 
or the velocity factor alone will be difficult. 

How are these conclusions related to the colligative 
properties? What causes a change in velocity or 
number of ions or both with concentration? ‘These 
are the questions which must be answered by any 
theory of electrolytes. 


2. The Arrhenius Theory 

(a) The degree of ionization. Svante Arrhenius, a 
young Swedish chemist, in 1883 was the first to pro- 
pose a consistent theory of electrolytic ionization. At 
that time the ionic nature of salts was not recognized. 
The units of all substances were thought to be mole- 
cules. Arrhenius assumed that when molecules were 
put into water an equilibrium was established between 
molecules and ions in the solution, e. g., 


NaCl = Nat! + Cl"! 
HC] 2 H*+Cr'!, 
HC;H,O, = H+! + C;H,0,-} 
, NH,OH = NH,t! + OH! 
He defined the fraction of molecules dissociated into 
ions as @: 


Number of molecules dissociated into ions 
Number of molecules originally put into solution 


Diluting the solution would spread the ions farther 
apart, thus retarding recombination of ions into mole- 
cules. This would mean that a would increase as the 
concentration was decreased. 

At the present time, we know that salts are composed 
of ionic units rather than molecular units. We also 
regard the ionization of acids and bases as due to a re- 
action with the solvent, e. g., 


HC,H;0: + H:O0 = H,O* + C;H;02-? 
NH; + H:0 = NH,t! + OH"! 


However, neither of these differences affects the funda- 
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mental picture of the Arrhenius theory. The equa- 
tions for the ionization of acids and bases are stoichio- 
metrically the same. And to include salts in our defi- 
nition of a, we merely make a slight change in the 
wording of the definition. For singly charged ions it 
becomes: 


fa Number of equivalents of either ion 
Number of equivalents of solute originally put into solution 





a 


For salts and strong acids and bases a would always be 
equal to one. 

Except for strong electrolytes, then, the evaluation 
of a from experimental measurements offers great 
difficulty. As we have seen from the conductance 
equation 

A = 96,500 n+ (v, + v_) 


two factors must be considered: (1) the number of ions, 
and (2) the effect of the electrical charges upon each 
other. As the concentration of the solution is changed, 
both of these factors are changing at the same time. 
However, for weak electrolytes like acetic acid where 
the ionic concentration is very low (as indicated by the 
value of 7) the ions must be relatively far apart. For 
such electrolytes the electrical forces between ions are 
so small that their effect can be neglected. On the basis 
of this assumption the value of a can be calculated from 
colligative properties and from conductance measure- 
ments. 

(b) Evaluation of a from colligative properties. If we 
assume that electrical forces can be neglected in dilute 
solutions of weak electrolytes, then the quantity 


4 = AT/AoT 


does tell us how many more particles are present in the 
electrolytic solution than would be present in a solution 
of a nonelectrolyte of the same concentration. To es- 
tablish the relationship between 7 and a, consider the 
ionization of acetic acid: 


HC.H;02 + H,0 = H;0t + C:H30,7! 
If a@ is the fraction of molecules ionized and m is the 


molality, then the concentrations of the two ions and 
the remaining molecules are: 


H;0*!, ma 
C;H3027!, ma 
HCsH,02, m(1 — a) 
The total concentration of all solute particles is the 
sum of the three concentrations or: 
ma + ma + m(1 — a) = m(1 + a) 
Comparing this number of particles with the number 


in a solution of a nonelectrolyte of the same concentra- 
tion, we have: 
AT. w{l:+ a) 
nee heey m 
Let us apply this method to a 0.01 m solution of acetic 
acid which freezes at —0.01938°C. Assume that, the 
freezing point of a sugar solution of the same concen- 
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tration is —0.01860°C. Returning to the chemical 
equation and using these values: 


re 0.01938 _ 0.01(1 + a) 
~ 0.01860 — 0.01 


a=i—1 = 1.042 —1 = 0.042 


The acetic acid is 4.2 per cent dissociated at 0.01 m. 
Similar calculations show it to be 1.3 per cent dis- 
sociated at 0.1 m and 12.5 per cent dissociated at 
0.001 m. Tabulating these figures we see how a in- 
creases with decreasing concentration. 





TABLE 6 
a X 100 
m (per cent) 
0.1 1.3 
0.01 4.2 
0.001 12.5 


It is possible to make similar calciilations for strong 
electrolytes. This has been done in the past and values 
of a considerably less than the expected value of 100 
per cent were obtained. We now realize that such 
calculations have no meaning, since salts like sodium 
chloride are completely ionized. Why then do the 
colligative properties seem to indicate that a is less 
than 100 per cent for strong electrolytes? The ob- 
vious answer seems to be that in calculating a by this 
method the effect of the electrical charges has been 
ignored. Perhaps the electrical method of investi- 
gating the problem will give us more information. 

(c) Evaluation of a from conductance measurements. 
The conductance equation is: 


A = 96,500 m+(v, + v_) 


Since n. was defined as the number of equivalents of 
either ion per equivalent of solute, we may replace it 
by a: 
n+ =a 
and write: 
A = 96,500 a(v, + v_) 


Make the same assumption’as before, that electrical 
forces between ions are negligible in dilute solutions of 
weak electrolytes. Then, since the changing electrical 
forces cause the change in velocity;with concentration, 
we can now assume that v+ + v~- is a constant. So 
we may write: 


96,500(v, + v_) = constant 
This means that the conductance equation may be 
written: 
A = a96,500(v, + v_) 
or 
A = @ X constant 

To evaluate this constant, we refer to Figure 4. 
The curve shows that as the concentration decreases, 
A increases toward the limiting conductance, Ao. Ac- 


cording to the Arrhenius theory, if the effect of the 
ions on each other is negligible, this increase in A is 
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FIGURE 4. 


due to an increase in the number of ions as a increases 
toward one in very dilute solutions. So at very low 
concentration the conductance equation becomes: 


Ao = 1 X 96,500(v, + v_) 
Thus the constant in the preceding equation is Ao. 
Substituting this value in the equation, we have: 
A = alg 
or 
_A _ __ equivalent conductance at given concentration 
~ Ao equivalent conductance when 100 per cent ionized 





a 


For acetic acid at 0.1 V 
a = §.2/391 = 0.0133 


This is 1.33 per cent, close to the value obtained from 
freezing-point measurements. The values of a cal- 
culated by this method agree well with those calcu- 
lated from the colligative properties as long as the 
electrolyte is weak and the concentration is low. For 
stronger electrolytes and higher concentrations the 
values calculated by the two methods do not check. 
This is to be expected since, in order to evaluate a, 
Arrhenius had to assume that the ions are far enough 
apart so that the forces between them are small enough 
to be neglected. When the ions are close enough to- 
gether so that their electrical charges influence each 
other, this effect has to be considered also, The prob- 
lem of considering both effects at the same time re- 
mained unsolved for nearly fifty years. 

In the meantime, as soon as it was recognized that 
salts and strong acids and bases are 100 per cent ion- 
ized, many chemists turned their attention to the prob- 
lem of evaluating the effect of the charges upon each 
other. Debye and Hiickel in 1923 were finally suc- 
cessful. 
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3. The Debye-Hickel Contribution 


For salts and strong acids and bases a is equal to 
one, so the conductance equation becomes: 


A = 96,500(v, + v_) 


This means that the first factor, the number of ions, is 
not involved and that the change in A depends only 
upon the second factor, the changing electrical attrac- 
tion.» The elimination of one of the variables simplifies 
the problem, so one may wonder why it took forty 
years to solve it. But we must remember that it was 
not until about 1915 that ions were recognized as the 
units in the crystal structure of salts. 

Debye and Hiickel considered the effects of three 
forces on the motion of the ions past each other in 
opposite directions through the solution (Figure 5). 








Ficure 5. 


The three forces are: (1) The electrical force ex- 
erted by the charged plates upon the ions. This would 
result in constant velocity for the ions 


U4, 


v. = y_° 


if the only resistance to their motion were offered by 
the friction of their passage through the solvent. (2) 
Two forces opposing the electrical force exerted by the 
charged plates upon the ions. One arises because as 
ions carrying opposite charges move away from each 
other, the electrical attraction between them produces 
a dragging or braking effect upon their velocity.* 
The other arises’ because solvent molecules are being 
pushed ahead of the ions in opposite directions. This 
means that the ions are not moving in a stationary 
solvent. Consider one of the positive ions in Figure 5 
As it moves through the solvent, it pushes solvent 
molecules ahead of it (represented by the curved line). 
When it comes near a negative ion, which also is push- 
ing solvent molecules ahead of it, the encounter of the 
two solvent envelopes moving in opposite directions 





3 The alert student will wonder why the attractive forces 
before the ions pass each other have not been considered. The 
foregoing discussion is an oversimplification of the Debye-Hiickel 
treatment which involves the idea of an “ionic atmosphere.”’ 
However, the detailed treatment leads to the conclusion that the 
over-all effect when all ions are considered is a drag effect. 
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produces a second drag effect upon the velocity of the 
ions. 

The calculation of these two drag effects is rather 
complicated, but Debye and Hiickel were successful 
in making it for dilute solutions. They found that 
both effects were proportional to the square root of 
the concentration. Their equations for the velocity 
of each kind of ion, therefore, take the form: 


% = 7,9 —aV/N 
v.° — b/N 


where a and 0 are constants at a given temperature. 
Debye and Hiickel gave the equations for evaluating 
these constants, but we need not know their value for 
this discussion. 

Substituting these two equations in the conductance 
equation (remembering that a = 1) 


v 


A = 96,500(r,° — a\/N + v_* — bVN) 
A = 96,500[0,° + 0° — (@ + b)VN] 
A = 96,500(,° + v°) — 96,500(a + b)-/N 
When A is plotted against ~/N, it is found that for 


dilute solutions of strong electrolytes a straight line 
is obtained as in Figure 6 and as predicted by the equa- 








A 
ai v 
FIGuRE 6. 
tion. As the concentration approaches zero, A ap- 


proaches Ap and the +/N term becomes negligible so 
we find that 


Ao = 96,500(v4.° + v_°) 
Also to simplify the appearance of the equation let 
96,500(a + b) =A 


Making these substitutions, the conductance equation 
becomes 
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A = Ay —- AVN 


This equation applies only to strong electrolytes for 
which a = 1. There still is a great deal of misunder- 
standing of the Debye-Hiickel contribution to the 
theory of electrolytes. It is not the “modern theory 
of ionization.”’ It does not replace the Arrhenius 
theory. It is a method for evaluating the effect of the 
electrical charges upon each other for only one re- 
stricted class of electrolytes. It is not really a theory 
of ionization at all. It deals only with a limited aspect 
of the whole problem. 


4. The Fuoss-Kraus Contribution 


After the development of the Debye-Hiickel equa- 
tion a number of investigators recognized that it was 
now possible to solve the conductance equation com- 
pletely for dilute solutions. The first to give a clear 
solution of the problem were Fuoss and Kraus at Brown 
University in 1933. 

Beginning again with the fundamental conductance 
equation 


A = 96,500 a(v, + v_) 


Fuoss and Kraus used the Debye-Hiickel method of 
evaluating the velocities of the ions, but left a in the 
equation. In the Debye-Hiickel equation N is the 
normality of either ion, since a = 1! when the elec- 
trolyte is completely ionized. But if a is not one, then 
the concentration of either ion must be Na. So the 
Debye-Hiickel equations for the velocities of the ions 
become: 


vy = 4° — av Na 
v. = v_° — b/ Na 


Now substituting these values in the equation and going 
through the same steps as in the preceding section, 
except that the a is retained, we have: 


A = a(dyo — AV Na) 


. This equation applies to any electrolyte in water, weak 


or strong. If a = 1, the equation reduces to the 
Debye-Hiickel equation: 
A =o -AVN,y 


If a is very small (very weak electrolyte) the A ~/ Na 
term becomes negligible compared to Ao and the equa- 
tion reduces to the original equation proposed by Ar- 
rhenius for weak electrolytes: 


A = aly 
or 


a & 
aq = y= 
Suppose we try to solve the equation for a: 
panic 
Ay — AV Na 


but a also appears in the denominator. The solution 
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of such an equation is beyond the scope of this discus- 
sion, but Fuoss and Kraus developed a method of 
doing it. The method involves the combination of this 
equation with the equilibrium constant of the elec- 
trolyte. 

Until 1933 the behavior of electrolytes in other sol- 
vents than water was very poorly understood. Fuoss 
and Kraus with the aid of the preceding equation, and 
others which they developed, were able to give a clear 
explanation of the properties of such solutions. So 
the problem is now largely solved for dilute solutions 
and the development of the theory begun by Arrhenius 
is complete. 


SUMMARY 


We have seen that the colligative properties of elec- 
trolytic solutions give us a clue as to their nature. 
But an examination of the mechanism of electrical 
conductivity provides much more information. From 
the conductance equation 


= 96,500 m+ (uv, + v_) 


we see that in general two factors change as the 
concentration changes: (1) the number of ions per 
equivalent of solute, and (2) the electrical forces be- 
tween ions as the distances between them change. 
When both of these factors change at the same time, 
the evaluation of either is difficult. Arrhenius, not 
knowing that salts were 100 per cent ionized, solved 
the equation for weak electrolytes. When the ions 
were few in number, hence far apart, the electrical 
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forces are weak enough so that the velocities may be 
assumed to be constant. The equation 


A= 96,500 a(v, +y v_) 

reduces to 

A = aAg 
or 

a™= A/Ao 

Later, when it was recognized that the units of salt 

structures are ions, Debye and Hiickel, knowing that 
a = 1 for strong electrolytes, were able to account for 
the variation in A with concentration. It is due to the 


changing velocities of the ions with changing electrical 
forces: 


A = Ay — AWN 


Finally, Fuoss and Kraus devised a method of solv- 
ing the general conductance equation. Their equation 
is 


A = a(Ao — AV Na) 
When rewritten in the form 
lls Sanat a 4 — 
Ao —' AV Na 
it is apparent that the Debye-Hiickel equation in most 
cases merely provides a small correction factor to the 


original Arrhenius equation. The method of solving 
this equation is beyond the scope of this discussion. 





A Simple Laboratory Ozonizer 


KARL.UHRIG 


The Texas Company, Beacon, New York 


IHE preparation of ozone is generally accomplished by the 
use of equipment not always readily available. While it is 
possible to construct relatively simple ozonizers,! this usually 


1 Byrns, A. C., J. Am. Chem. Soc., 56, 1088 (1934); HENNE, 
A. L., thid., 51, 2676 (1929); JacguEmarn, R. P., AND G. BAL- 





TIP OF HIGH 
FREQUENCY VACUUM 








GLASS TUBING 


SMALL RAT .TAIL FILE 


requires the services of someone versed in the art of glass blowing. 
The accompanying sketch illustrates an ozonizer which can easily 
be built by any one in a very short time from material ordinarily 
found in a laboratory. 

A small rat-tail file (four te six inches long) is placed inside a 
piece of glass tubing of such a diameter as to hold the file snugly 
(four to six millimeters). When dry oxygen is slowly passed 
through the tube while the tip of a high frequency vacuum tester 
(also known as Tesla coil) is held against the glass tube, part 
of the oxygen is transformed into ozone. 

With this apparatus it was possible to obtain a two per cent 
yield of ozone at an oxygen rate of six liters per hour. Rubber 
connections should be avoided in the exit part of the apparatus 
since rubber is destroyed quickly by ozone. 





LOUE, Bull. soc. chim., 3, 701 (1936); LizBERMANN, L. V., 
Chem. Ztg., 35, 734 (1911); Lisx, G. M., Tors JouRNAL, 9, 2099 
(1932). 
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Postwar Education and Training 
in Military Chemistry 





L. F. AUDRIETH! 


Picatinny Arsenal, Dover, New Jersey 


E HAVE certainly not emerged from World War 

II, as we did in 1918, with the universal feeling 
that the present conflict was fought to end all wars and 
that we shall henceforth live in a Utopian world where 
men and nations will forever after live in peace and 
harmony. The veterans of World War II will see to 
it that we as a nation shall not permit ourselves to be 
lulled into a feeling of false security. They will insist 
that we can assure ourselves of such national security 
as the future may hold in store for us only by guarding 
vigilantly and jealously our hard-won right to exist- 
ence. The ten million.or more members of the armed 
forces of these United States will realize that this has 
been a war of survival, and these men and women will 
come back to their peacetime pursuits and endeavors 
not with the feeling that ‘It can’t happen here” or 
“Tt can’t happen again,” but with a grim determina- 
tion that when the inevitable conflicts of the future do 
happen again, we shall be prepared to meet any event- 
uality. 

We may anticipate many changes in our attitude 
toward military training and national defense after 
this war. It is possible that from now on all physically 
qualified men will be required to devote a certain period 
of time to military training. Opinion is divided among 
educators as to the desirability of such a policy, for 
there is no question but that it will profoundly affect 
our educational practices and our undergraduate and 
graduate curricula. The adoption of a military train- 
ing program would imply conformance on the part of 
educational institutions both with the letter and the 
spirit of its provisions, so that the ultimate objectives 
of such a national policy could be attained. 

No one will deny that this war, more than any con- 
flict in the past, has been a technical war. Scientists 
and engineers have been called upon to devise, develop, 
and design the instruments of warfare; industry has 
been required to produce these not only in quantity, 
but also of highest quality. Organizations, such as 
the Office of Scientific Research and Development, 
have more than justified their existence not only be- 
cause of their contributions to the war effort but also 
because they served to mobilize the scientific and tech- 
nical manpower of the nation. Activities of this sort 
should be continued as a matter of national policy so 
that the latest advances of science and of engineering 
practice will be brought immediately to the attention 





1Qn military leave from the University of Illinois, Urbana, 
Illinois. 
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of the Services by scientists and engineers who know 
the needs of the Army, the Navy, and the Air Corps. 
Colleges and universities have placed their facilities 
at the disposal of the nation during the war and co- 
operated with the armed forces in vocational and educa- 
tional training programs. Is it asking too much to ex- 


-pect our educational institutions to assume active 


leadership in facilitating postwar education, training, 
and research in those technical fields which have con- 
tributed so much in the present conflict, especially if a 
vigorous national defense policy is established? * 

It is not my purpose to develop here a detailed pro- 
gram for postwar education and training and for re- 
search and development in the military arts. The 
proposals submitted herewith are more limited in that 
consideration is given only to military chemistry— 
specifically, to a program which deals with the educa- 
tion and training of chemists and chemical engineers 
in those phases of their profession which apply to the 
art of war, where they alone can be of greatest service 
to their country. 


WHAT IS MILITARY CHEMISTRY? 


Military chemistry is that branch of chemistry 
which deals with the application of chemical facts and 
theories to the art of warfare. It represents not only a 
highly specialized borderline field, but also a highly 
diversified branch of chemistry, whose objective is to 
apply the contributions of chemistry to one of the 
oldest professions of mankind, that of soldiery. 

Specifically, military chemistry deals with: 


(a) explosives, propellants, — components of 
ammunition ; 

(b) pyrotechnic items, smokes, vine incendiaries; 

(c) chemical agents employed for their harassing 
or lethal effects in warfare; 

(d) the application’ of ‘chemical principle un- 
der tactical conditions; and 

(e) the research, development, and production 
of the materials broadly specified under (a), 
(b), and (c). 


It should be emphasized that military chemistry as. 
defined above has not been recognized as a special 
branch of chemistry. In the narrower sense chemists 
who have concerned themselves with explosives have 
been designated as ‘‘explosives chemists,’’ but most in- 
dividuals so labeled have been interested in the field 
of commercial explosives and employed by industrial 
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concerns. The field of military chemistry is much 
broader since it encompasses a factual and theoretical 
background which goes far beyond that needed for the 
peacetime manufacture and use of explosives. 


THE NECESSITY AND DESIRABILITY FOR TRAINING IN 
MILITARY CHEMISTRY 


Total war, as we have learned to know it, demands 
the complete mobilization of all our resources. This 
applies not only to our manpower and natural resources, 
to our production capacity and manufacturing facili- 
ties, but also to the entire scientific and engineering 
skill of the nation. This tremendous task would have 
been much easier at the beginning if our scientists and 
engineers had been more familiar with the military re- 
quirements of the armed services. It would have been 
facilitated in the chemical field had more of our chem- 


ists and chemical engineers been acquainted with- 


those products and processes so necessary for the pro- 
duction of explosives, propellants, pyrotechnic items, 
and the like. Even so, we did have almost two years 
to prepare for the inevitable before the attack on Pearl 
Harbor. That did give us an opportunity to bring 
our house in order, even ‘though the process was a 
hectic one! 

It will be to the everlasting credit of the small group 
of ‘‘explosives chemists’? working in a relatively few 
industrial laboratories and at government arsenals 
that research, development, and production of military 
chemicals was kept alive between 1920 and 1940. 
Subsequently, it was this same group of men who 
carried the responsibility not only for bringing produc- 
tion up to wartime levels, but for training additional 
technical personnel so that wartime requirements 
could be met. Competent instructors were few, and 
the period of instruction, because of the urgency of the 
demand for workers, was limited to the barest minimum 
necessary to give them the ‘‘know how’’ and to speed 
them on to the production front. Even so, a magnifi- 
cent job was done by that handful of experienced men 
who were asked to assume instructional duties in addi- 
tion to their other obligations. 


WHERE AND HOW SHOULD INSTRUCTION IN MILITARY 
CHEMISTRY BE OFFERED? 


If training in military chemistry is to be undertaken, 
it will naturally have to be included along with ac- 
cepted course offerings in the curricula of chemistry 
and chemical engineering. A proper introduction to 
military chemistry as a phase of academic professional 
training will facilitate the further extension of such a 
program for the purpose of developing and maintaining 
an interested group of specially qualified civilians (and 
reserve officers) dedicated to the advancement of the 
art of military chemistry. 

Chemists, chemical engineers, and science students 
with majors in chemistry should get a general perspec- 
tive of the applications of chemical science to the art 
of warfare. Such a course should presuppose training 
in general, analytical, organic, and physical chemistry. 
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While the emphasis in such a course should be placed 
upon the chemical aspects of the subject matter, it 
should be borne in mind that the objective is their 
military application. Such a course would normally 
be included in the junior or senior year. 

The question of competent instructors need not be 
considered a serious one. Many academicians will 
have had considerable experience in the field of military 
chemistry and will have become sufficiently interested 
in the subject matter to teach it. A considerable 
amount of literature has been developed on the sub- 
ject during the war, and more will become available 
for use as source material later. It may further be 
anticipated that the armed services will cooperate 
wholeheartedly in educational projects of this kind. 

‘Reserve officer training deserves special attention. 
Technically trained officers are needed and have their 
place both in peace and in war. Assuming that re- 
serve officer training (R.O.T.C.) will be continued, at 
least at land grant colleges, completion of which will 
lead to commissions in the O.R.C., it should become 
an accepted policy to route students majoring in 
chemistry or chemical engineering, and enrolled for 
advanced military training, either into the Ordnance 
or into Chemical Warfare Service. In these two 
branches of the service technically trained officers are 
most needed and here the chemists’ civilian pursuits 
are most apt to be continued in army life. Reserve 
officers who have had the basic technical and military 
training should be given the opportunity to extend 
their interests by assignments for periods of active 
duty to positions of technical responsibility, rather 
than assignments of a purely administrative character. 
It is to be hoped that such assignments will take ad- 
vantage of the civilian interests and professional ac- 
tivities of each individual, for only then can the Serv- 
ices be assured that such a program will give the de- 
sired end results. 


WHAT IS TO BE GAINED BY SUCH A PLAN? 


It is recognized that a formal course in military 
chemistry is hardly sufficient to insure a thoroughly 
competent group of specialists in this field. It will be 
necessary to encourage, more intensive training for 
the especially qualified chemist or chemical engineer, 
so that we will have available a group of investigators, 
of research workers, of development and process engi- 
neers who, during the coming years, will keep their 
eyes and ears open, their imaginations alert to applica- 
tions of new discoveries to the military arts. 

Not the least of the advantages to be gained by such 
a plan is that men of ability, vision, and imagination 
will be attracted to military chemistry as a worthy 
field of specialization. We need men at the Pentagon 
and at our arsenals who are pre-eminent in their pro- 
fessions—who will bring with them as civilian employees 
of the War Department the necessary scientific ability, 
creative genius, and imagination to keep us ahead of 
the rest of the world in utilizing the advances of chemi- 
cal science for the defense of this country. 
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The Services will then have available both civilians 
and officers who will be ready to take over respon- 
sibility for production of explosives, propellants, in- 
cendiaries, smokes, and chemical agents in government 
arsenals, in government owned privately operated es- 
tablishments, or in private industry. Particularly 
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qualified-investigators will also be available to supple- 
ment the research activities of the Army, the Navy, 
and the Air Corps, and will be able to carry out such 
investigational work more efficiently since they will 
from the very start recognize the military requirements, 
limitations, and objectives of such endeavors. 


A Theory of Anesthetic Action 
Based upon Acetylcholine Competition 


FRED W. SCHUELER 


University of Colorado, Boulder, Colorado 


T HAS been known for some time that compounds 
having the structure 


Oo 
Sb oc" 


will generally possess local anesthetic action.' Ex- 
amples of this are the following: 


I. STOVAINE 


See oar c 
- H 
¢_S—t-0-c— CH 
Sa | NCH; 
CH; 
II. ButTyn 


oO 
| C.Hy 
nix _S—C—O—CH;—CH, bes CH 
CyHg 


III. Novocarne 


O 
I /CoH 
J S—C—0—CH:—CH— ‘ 
— CoH; 
IV. COCAINE 
° CH —CHs 
| 
amie | 
g S—C—0—CH—CH,—CH—n—CH 
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In all of the above structures the essential features 
for anesthetic action are the benzoyl group! (the ap- 
pended p-NH, groups in II and III not being essential 
for anesthetic action) and the carbon chain terminating 
in the alkylated nitrogen. When one finds in a given set 
of pharmacologically active substances such well-de- 
fined essential structural features, the possibility of 
drug competition with some substance normally present 
in the organism is suggested. Competition between 
two drugs is possible when the two substances have 
some features in common, e. g., p-aminobenzoic acid 


and the sulfa drugs. The problem concerning the local 
anesthetic class of drugs, illustrated above, therefore 
(if drug competition is assumed) reduces itself to dis- 
covering a substance occurring at the nerve endings and 
essential for nerve impulse transference which resembles 
the anesthetic drugs structurally. Such a substance is 
exemplified by acetylcholine.’ 


O CH; 
I | /CHs 

CH; —C—O—CH,—CHi—n 
| SCH; 

OH 


It is seen that by replacing the CH;-group by a 
phenyl group, one obtains a structural type resembling 
the local anesthetic drugs. 

Assuming that the local anesthetic drugs may com- 
pete with acetylcholine at the nerve endings, the writer 
has carried out some simple experiments which, though 
far from conclusive, do indicate that further experi- 
mentation of a more rigorous nature may show the 
above hypothesis to be a possible theory for explaining 
the typical action of the cocaine group of drugs. 

Adult Yale strain rats, divided into four groups, were 
injected intraperitoneally as follows: 


Group I. Controls, received np injections. 
Group II. Received cocaine in physiological dos- 
ages.® 
Group III. Received cocaine and acetylcholine 
each in physiological dosages.* 
Group IV. Received only acetylcholine in physio- 
‘ logical dosages.® 


In each case the rats receiving both acetylcholine and 
cocaine were freed from symptoms (or these were greatly 
reduced) possessed by the rats receiving cocaine or 
acetylcholine separately; 7. e., they appeared normal. 





1 Inc, H.R., Trans. Faraday Soc., 39, 372 (1943). 

2 GappuMm, J. H., Ann. Rev. Biochem., 4, 311 (1935). 

3 GRIFFITH, J. Q. AND E. J. Farris, Editors, ‘‘The Rat in 
Laboratory Investigation,’ J. B. Lippincott Company, Chicago, 
1942, p. 305. 








The Present State of the Chemotherapy 
of Tuberculosis 


ALFRED BURGER 


University of Virginia, Charlottesville, Virginia 


HEMOTHERAPEUTIC agents for infections 
caused by pathogenic mycobacteria, such as the 
human and bovine tubercle bacilli and the so-called 
leprosy bacillus, may be divided into three groups: 
compounds prepared by pure empiricism, drugs con- 
ceived from considerations of the drug-versus-metab- 
olite antagonist theory (1), and compounds designed 
to penetrate the lipid or waxy layer of the acid-fast 
bacteria and so get at the protoplasm of the organisms. 
Only a few of the thousands of random chemicals 
tested in vitro were found to be strongly tuberculocidal. 
Among these were certain metallic derivatives such as 
gold thiocyanate, gold sodium thiosulfate, and gold 
diacetyl; certain alkaloids and alkaloidal drugs such as 
harmine, conessine, ethylapoquinine, and aminohydro- 
quinine (2); vitamins (cod-liver oils) ; and hormones (di- 
ethylstilbestrol) (3). Halogenated aromatic ketones 
(4) and basic ethers of halogenated phenols (5, 6) were 
tried, as well as basic dyes (7); the latter were supposed 
to be tuberculocidal because of the negative charge on 
the bacterial cell when suspended in serum. Guaiacol 
and some of its derivatives which act only by alleviating 
some external symptoms in pulmonary tuberculosis 
barely deserve passing mention. Some of these com- 
pounds have given occasional relief from clinical symp- 
toms but no cure. This is partly due to the chronic 
character of tuberculous lesions which cannot be healed 
readily by drugs. The goal of antitubercular chemo- 
therapy is the disappearance of bacilli from the infected 
host; walling off the bacteria with the aid of the 
natural defense mechanisms of resting patients is a poor 
substitute for this. 

Since 1940 (1) the planning of new chemotherapeutic 
agents has often been based on the intake of pathogenic 
organisms. Information concerning the intake of 
tubercle bacilli can be obtained from metabolic studies 
using the Long or Prokauer and Beck synthetic media 
(8) but only a limited amount of work has been done in 
this field. In its natural surroundings the tubercle 
bacillus chooses a typical cell diet of nitrogenous ma- 
terials and salts; its sole source of carbon is glycerol 
but it is adaptable to unrelated carbon compounds such 
as benzoic or salicylic acid (9). Not much is known 
about specific growth factors needed by the bacilli but, 
like other bacteria, they can produce their own essential 
metabolites. Several B-vitamins have been isolated 
from cultures, and the presence of phthiocol, 2-hydroxy- 
3-methyl-1,4-naphthoquinone, suggests the use by the 
bacilli of a vitamin-K factor, since phthiocol may be 
formed from antihemorrhagic vitamins by alkaline 


cleavage. The bacilli need oxygen; indeed, as meas- 
ured in the Warburg apparatus, oxygen uptake usually 
serves as a corollary to estimating inhibition of bacillary 
growth in vitro. Typical antioxidants, such as di- 
phenylamine, are known to inhibit the growth of 
cultures. . 

Based on these observations, a number of amino- 
substituted aromatic sulfones were tested whose struc- 
ture classifies them as metabolite antagonists to p- 
aminobenzoic acid (10). Several of the most promising 
compounds which may eventually yield a clinically 
useful drug have been found in this group. The parent 
compound of the series, 4,4’-diaminodiphenyl sulfone, 
is still used as a reference compound (8). In spite of its 
high antitubercular activity, its toxicity and insolubility 
have prevented significant clinical tests. Promin, its 
bis-(glucose sulfonate), and diasone, its bis-N-methyl- 
ene sodium sulfoxylate derivative (11), are much more 
soluble and exhibit such a low toxicity that both drugs 
have been subjected to extensive clinical trials (12). 
However, their curative effects are too erratic to make 
their introduction into therapy advisable. An even 
greater promise is held out by promizole, 4,2’-diamino- 
phenyl-5’-thiazole sulfone (13), which shows a partic- 
ularly low toxicity, and a high antitubercular activity 
in vivo (14). Preliminary clinical reports have con- 
firmed these properties in man. 

The output of lipids and waxes by the mycobacteria 


chas influenced chemotherapeutic thought for over 20 


years, probably because certain fatty acids can both 
cause irritations or lesions like those produced in acid- 
fast infections, and damage the bacilli as true chemo- 
therapeutics. This is especially true of branched fatty 
acids, such as tuberculostearic acid (10-methylstearic 
acid) and phthioic acid (probably d-3,13,19-trimethyl- 
tricosanoic acid) (15) which were isolated by Anderson 
(16) from their trehalose esters produced by the bacilli. 
Other naturally occurring, and synthetic branched 
long-chain acids, such as the acids from chaulmoogra 
oil, and 2,2-dimethyl-dodecanoic acid (17), also cause 
lesions in the tissues of animals resembling those pro- 
duced by the bacilli. 

The antileprotic studies of Adams and his coworkers 
(18) in the series of branched fatty acids and .amines 
containing long forked alkyl groups led to the observa- 
tion that the action of such compounds is due largely 
to their physical character, their activity in vitro 
paralleling their surface-tension-depressing properties. 
It may be that the bacilli are attacked physically by 
such compounds by a weakening of their protective 
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lipid capsules and then more easily disposed of by un- 
favorable conditions im vitro, or, in vivo, by antibodies 
or phagocytosis. This view is supported both by elec- 
tron microscope studies which show the existence of an 
envelope around the bacilli (19), and by pharmaco- 
logical data, since treatment must be continued long 
after the symptoms have disappeared, and relapses are 
frequent. 

Several compounds prepared by Adams’ group were 
highly active against tubercle bacilli im vitro, 1,5-di- 
cyclohexylbutan-2-oic acid was active in dilutions of 
1:50000. Other acids with 16 to 18 carbon atoms, and 
some related bases in which a diethylamino group takes 
the place of carboxyl, were tuberculocidal while homo- 
logs with 19 to 20 carbon atoms showed no activity. 

No definite success was achieved by combining lipid 
or fatty acid groups with molecules of known bacterio- 
static activity. Thus, the introduction of sulfanil- 
amido groups into alkyl naphthoquinones, or of lipo- 
philic constituents into sulfathiazole (20) did not give 
satisfactory results. 

It is doubtful, however, how much significance can 
be attributed to any in vitro evaluation of antituber- 
cular drugs. For instance, 2,3,5-triiodobenzoic acid 
which is highly tuberculocidal in vitro has no chemo- 
therapeutic action im vivo (21). The lack of a rapid 
and economical animal test has retarded progress in this 
field more than any other factor. A typical procedure 
has recently been recommended by Feldman and Hin- 
shaw (8). In their screening test, six to ten guinea pigs 
are treated with the drug for two to four days before 
inoculation with a virulent tubercular culture. The 
administration of the drug is continued for 60 days after 
the infection when a thorough necropsy determines the 
activity of the drug by comparison with the condition 
of untreated controls. The screening test is followed 
by the crucial test in which 20 tuberculous guinea pigs 
are treated with the drug over a period of six months. 

The authors of this test argue that any screening 
test of shorter duration, directed against a more acute 
infection, cannot give a true picture of the antituber- 
cular activity of a drug. Such tests should not be used 
because the pathological and serological character of a 
virulent infection requires properties in a chemical 
entirely different from those a clinically useful drug 
would need in chronic conditions. 

While these arguments may be sound from a phar- 
macologist’s point of view, they raise a barrier against 
some important practical aspects of antitubercular 
testing. Few chemists will be able to furnish 50 g. of a 
complicated compound for screening tests, and the 
Feldman and Hinshaw test may well consume 180 to 
300 g. of a moderately active drug before the crucial 
test is undertaken. A chemist should be able to get 
some preliminary, even if inconclusive, information 
about a compound from a sample not exceeding 5 or 10 
g. Any compound which shows real promise in a less 
exacting test might well be subjected later to the,screen- 
ing test of Feldman and Hinshaw. Three in vivo 
screening tests are used for this preliminary trial. 
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The omental weight test (5) may be carried out with 
a few grams of a drug, and does not take over 12 days. 
Several infected guinea pigs are divided into a control 
and a test group, and the latter treated with the drug. 
Part of the control group is inoculated with dead tu- 
bercle bacilli in order to avoid errors arising from the 
reaction to dead organisms. After 12 days, the animals 
are killed and their omenta weighed. The weight of the 
omentum in the average normal guinea pig per 100 g. 
of body weight is known. Any increase in the omental 
weight after infection is due almost entirely to tubercle 
formation. The average omental weight of infected 
animals after a given period depends on the amount 
and virulence of the infection, and is readily determined 
in the control group. The decrease in omental weight 
of the treated group is a measure of the drugs activity. 

The chick-embryo test (22, 23) is based on the fact 
that tubercle formation occurs in the chorio-allantoic 
membrane six days after implantation of the bacilli. 
This makes possible observation of the inhibition of 
tubercle formation by a given drug. 

In the piscine infection test (24) gold fish, infected 
with Mycobacterium marinum, absorb the drug from 
the water so that the tissues come to an equilibrium as 
regards the drug. The therapeutic effect so produced is 
measured by comparing the number of acid-fast organ- 
isms in smears from fish, infected three weeks pre- 
viously and maintained in normal water, with those 
from infected fish kept in water containing the drug. 

All these tests will need further improvements, but 
they may well be the basis for a reliable rapid trial of 
large numbers of potentially antitubercular compounds. 
They may, perhaps, also prove useful in the evaluation 
of two highly antitubercular mold products discovered 
during the past three years. One of these antibiotics, 
streptothricin, was isolated from Actinomyces lavendulae 
by Waksman (1942). It has a low acute toxicity but a 
high delayed and cumulative lethal effect in animals. 
The second one, streptomycin, was obtained from 
Actinomyces griseus by extraction of the mold with 
neutral solvents, adsorption on activated carbon, and 
elution with dilute hydrochloric acid. Like strepto- 
thricin, it is bacteriostatic for many Gram-positive and 
Gram-negative bacteria. It is toxic to animals only 
in huge doses, and is often curative in tuberculous 
guinea pigs. Its solubility in dilute acids has given 
rise to speculations that streptomycin is an amine-type 
base of low molecular weight but no further details 
about its composition have been published. The con- 
struction of a large extraction plant for streptomycin 
just announced in the daily press (August 23, 1945) by 
a leading pharmaceutical manufacturer lends emphasis 
to the importance of this antibiotic. 

The difficulties of the chemotherapeutic approach to 
tuberculosis have stimulated interest in serological 
studies of this infection. When a culture of tubercle 


bacilli is filtered, the filtrate contains polysaccharide- 

protein conjugates which are the source of tuberculin, 

the tubercular antigen used in diagnostic tests (23). 
(Continued on page 597) 








Azeotropism: A Useful Tool Clarified 


K. B. FLEER! 


Forest Products Chemical Company, Memphis, Tennessee 


HE separation of complex mixtures of chemical 
compounds into their relatively pure constituents 

has long occupied a major portion of the attention of 
industrial chemists and chemical engineers, whether 
these mixtures arose from natural sources or from syn- 
thesis. The older methods of accomplishing this result 
involved the rather obvious use of simple chemical re- 
actions, although the minor constituents of the mix- 
tures were often destroyed in such cases. Thus, in the 
older methods, anhydrous ethanol was often prepared 
by distilling the 95 per cent alcohol over burnt lime, 
which reacted chemically with the water and rendered 
it nonvolatile. Ammonia from the carbonization of 
coal was absorbed in sulfuric acid to give ammonium 
sulfate; to obtain strong ammonia, the sulfate liquor 
was distilled with lime. Methanol containing small 
amounts of ketonic bodies such as acetone could be 
freed of the latter by treatment with bisulfites. After 
filtering off the precipitated ketone-bisulfite compounds, 
the methanol could be obtained pure. : 

Another example of such roundabout methods was 
that of recovery of acetic acid from its dilute aqueous 
solution. Pyroligneous acid used to be treated with 
lime, the neutral solution evaporated to yield the dry 
calcium acetate, and the latter distilled with concen- 
trated sulfuric acid to obtain the glacial acetic acid. 
Esters used to be.made by addition of dehydrating 
agents to remove the water formed in the reaction. 

The rapidly growing importance in late years of vola- 
tile, liquid chemicals of all kinds, particularly organic, 
and the cost and difficulty of such procedures on the 
present enormous scale have caused most of these older 
chemical methods to be replaced by physical ones. Such 
a physical method of the widest application and of in- 
creasing industrial importance is that of azeotropic dis- 
tillation, and the value of azeotropic methods in the 
laboratory as well as on the large scale should make a 
knowledge of the principles involved of the greatest im- 
portance to every chemist. To the student not inti- 
mately familiar with the theory of fractional distilla- 
tion, azeotropes are sometimes confusing; but, as a 
matter of fact, most cases of azeotropism are simple 
ones which can be analyzed by the usual methods of 
physical chemistry. Careful consideration of the few 
general cases will provide a practical, working knowl- 
edge of this useful and common behavior of liquid mix- 
tures. 

An azeotropic mixture is one which boils or distils 
without change in composition, and in general it has a 
boiling point higher or lower than that of any of its pure 


si 1 — Address: American Chemical Society, Washington, 
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constituents. Perhaps the first observation of such a 
phenomenon was made by Liebig in the year 1832 (1) 
when he found that a mixture of ethylene dichloride 
(Ol der hollandischen Chemiker) and water boiled lower 
than did either of the two pure compounds. On the 
basis of this observation and the law of partial pres- 
sures of mixed gases which Dalton had set forth some 
thirty years earlier, Gay-Lussac (2) postulated the law, 
later demonstrated by Henri Regnault in 1854, that 
at a given temperature the total vapor pressure of an im- 
miscible pair of liquids is equal to the sum of the indivi- 
dual vapor pressures which the pure constituents would 
have at that temperature regardless of the relative propor- 
tion of the components in the mixture. 

Still in the same year (1832) Dalton observed the 
first example of an azeotrope with a maximum boiling 
point, namely, hydrochloric acid and water, and this 
maximum-boiling-point mixture proved to be so con- 
stant in composition at any given pressure that it has 
been used to prepare standard solutions of the acid. A 
very early observation of a homogenous (one phase) 
minimum binary azeotrope was made by Berthelot (3) 
who discovered that of ethanol and carbon disulfide 
boiling at about 42°C. Berthelot was the first to ob- 
serve that “‘in a mixture the liquids do not always distill 
in the order of decreasing volatility.” 

Despite considerable investigation, the number of 
known constant boiling mixtures (CBM) was very lim- 
ited prior to 1900, and most of the recognized examples 
were explained by assuming compound formation be- 
tween the components in question. Ostwald, in his 
monumental six-volume work (4), suggested the use of 
the term ‘“‘hylotropic’”’ (from the Greek hylo, substance, 
and tropos, changing) for such mixtures, hylotropic sub- 
stances being those which can change into another sub- 
stance of the same composition. Even today the funda- 
mental reasons for azeotrope formation are still not 
clearly understood, but considering the modern inter- 
pretation involving association and hydrogen bonding 
(5), it would appear that the guesses of the early mas- 
ters may not have been too far wrong. 

That a constant boiling mixture is not a molecular 
compound in the usual sense, however, was demon- 
strated in 1861 by Sir Henry Roscoe (6) who showed 
that the composition of the CBM varied with the pres- 
sure at which the distillation was carried out. The 
term ‘‘azeotropic’’ (privative form of the Greek zein, 
to boil, and tropos, changing; hence, to boil unchanged) 
was suggested in 1911 by Wade and Merriman (7). 

After the turn of the century the number of known 
CBM’s was greatly enlarged by Sydney Young (8) and 
Maurice Lecat (9). In 1902 Young (10) observed that 
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a ternary mixture of ethanol, benzene, and water boiled 
at a lower temperature than did any of the individual 
constituents or any of the three possible binary mix- 
tures. This was the first such ternary mixture discov- 
ered, and Young used this knowledge to develop a com- 
mercial process for the production of anhydrous ethanol. 
He obtained a German patent covering the process 
which was adopted in 1908 by Kahlbaum in Berlin. 
A modification of the same process was patented in this 
country by D. B. Keyes (11) which is the process used 
today for absolute alcohol, although several other 
entrainers for the water have been suggested. In an 
intensive search for examples of azeotropism, Lecat 
investigated several thousand mixtures and discovered 
and established the composition of a great number 
of binary and ternary CBM’s. 

An understanding of the behavior of azeotropic mix- 
tures is best obtained by a consideration of phase equi- 
librium diagrams, and for the present purpose those of 
binary mixtures will be sufficient. In 1876 it was set 
forth on theoretical grounds by Willard Gibbs (12), and 
empirically by D. P. Konowaloff in 1881 (13), that in 
completely miscible binary mixtures the vapor will be 
relatively richer in that component the addition of 
which to the mixture increases the total vapor pressure. 
Jast how rich the vapor will be was first shown by F. 
M. Raoult who, in 1887, demonstrated the accuracy of 
what has now become known as Raoult’s Law. As 
applied to completely miscible binary systems, this 
states that the partial pressure of a constituent of a binary 
mixture at any given temperature 1s equal to the normal 
vapor pressure of that constituent at the stated temperature 
multiplied by the mole fraction of the constituent in the 
mixture. 

With the liquid-vapor relationships so fixed for any 
known composition, a mixture behaving reasonably in 
accordance with Raoult’s Law thus gives the familiar 
boiling point-composition diagram shown in Figure 1. 
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FIGURE 2 


Any composition m boils at temperature ¢ and at equi- 
librium gives off a vapor of composition m richer in the 
more volatile component A. The residue is therefore 
richer in the less volatile component B. By repeated 
distillation such as is accomplished in a fractionating 
column any mixture can therefore be separated into 
pure A and pure B, provided only that the column is 
sufficiently effective. 

In mixtures where the relative vapor pressures de- 
viate from Raoult’s Law widely enough to give a maxi- 
mum or minimum total vapor pressure, liquid-vapor 
diagrams such as Figure 2 or Figure 3 are obtained 
where at one point, k, the vapor and liquid compositions 
are identical, and the curves representing these compo- 
sitions are thus tangent. In such cases we have azeo- 
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tropic mixtures of minimum or maximum boiling point, 
respectively. 

In Figure 2, any composition o to the right of R boils 
at temperature ¢ and gives off a vapor richer in A, and 
a residue remains, richer in B. By fractionation, any 
mixture with a composition lying to the right of k can 
therefore be separated into pure B as a residue and the 
pure azeotropic composition k. Likewise, any composi- 
tion o’ to the left of k can be separated by fractionation 
into pure A as a residue and the pure azeotropic mix- 
ture k; hence, no matter what the composition in the 
still pot, excepting pure A or pure B, the distillate, or 
“overhead product,’’ on fractionation is always the pure 
azeotrope k. The residue left behind, if any, will be 
pure A or B depending on whether there was in the 
starting mixture an excess of A or B over that required 
by the azeotropic composition k. Figure 2 is in effect 
two Figure 1 diagrams. The curve a is a Figure 1 dia- 
gram for a mixture of A and the azeotrope k, while the 
curve @ is a Figure 1 diagram for a mixture of B and the 
azeotrope k, At any given pressure, an azeotrope on 
fractionation therefore behaves as a pure component 
having a boiling point of 7. 

Figure 3 is a diagram for a mixture of two compo- 
nents which form a CBM of maximum boiling point. 
Any composition o to the right of k boils at temperature 
t, gives a vapor of composition # richer in B, and leaves 
a residue richer in the azeotrope k. Similarly, any com- 
position o’ to the left of k can be fractionated into a dis- 
tillate of pure A and a residue of the pure azeotrope k. 
Thus, any composition whatever yields on fractiona- 
tion a residue of pure azeotrope boiling at the tempera- 
ture T and an overhead product of pure A or pure B de- 
pending on whether the starting material contained ex- 
cess of A or B over that required by the azeotrope k. 
Again, Figure 3 is actually two Figure 1 diagrams. a is 
a diagram for mixtures of A and k, and 8 is a diagram 
for mixtures of B and k. 
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Figure 4 represents a binary system of partially mis- 
cible liquids, for example, m-butanol and water, which, 
by virtue of its conformity to the law of Gay-Lussac 
(2), behaves as a sort of pseudo-azeotropic mixture but 
which, for purposes of fractional distillation, may be 
considered as a special case along with the true azeo- 
tropes. Such a system yields a two-phase overhead 
product, a situation which in most problems of separa- 
tion is desirable. The curves a and 6 represent the lim- 
its of miscibility at any given temperature. Any com- 
position between m and n boils at the temperature ¢ 
and gives a vapor of composition x. The vapor x con- 
denses to a two-phase liquid of which the quantities 
and compositions of the two phases are determined by 
the relative vapor pressures (according to Gay-Lussac) 
and the mutual solubilities, respectively. Unlike the 
true azeotropes, this minimum-boiling-point composi- 
tion is the result of ‘‘one-stage’’ equilibrium behavior 
and is obtained without the aid of fractionation when- 
ever a composition lying between m and n is distilled. 
Simple steam distillation is a case in point. 

Whenever a composition such as 0, however, lying 
within the limits of miscibility (7. e., to the right of m) 
is distilled, it boils at temperature ¢’ and gives a vapor 
of composition » richer in A. There remains a residue 
richer in B. On fractionation of any mixture such as 
o, therefore, a point in the column is reached at which 
the composition exceeds the limits of solubility at m. 
Above this point in the column, then, the system is a 
simple case such as that described in the preceding par- 
agraph, and the overhead product again turns out to be 
x. Any excess of B over that required by the composi- 
tion x remains as a residue of pure B. 

Likewise, fractionation of any mixture o’ to the left 
of m eventually yields a product such as p’ richer in B 
than 7 so that the final result of fractionating 0’ is an 
overhead product of composition x and a residue, if 
any, of pure A. Hence, effective fractionation of any 
mixture whatever of A and B in Figure 4 yields the 
CBM of composition x as overhead product, and there 
remains a residue of pure A or pure B depending on 
whether A or B was in excess of that required to form 
the composition x. For all practical purposes of sepa- 
ration, therefore, mixtures of this type behave like true 
azeotropes. 

Mixtures with compositions lying between m and the 
curve a or between m and the curve 0 consist of two 
phases. As the temperature is raised, the point defin- 
ing conditions eventually crosses the curves a or 3), 
respectively. When this occurs the two phases become 
miscible, and the mixture then behaves like o or 0’. 

Figure 5 is a diagram for totally or almost totally im- 
miscible pairs of liquids and represents the limiting 
case of Figure 4 in which the range of m and has been 
expanded to embrace all compositions between pure A 
and pure B. The curves c and d no longer have any 
significance, and it will be seen that in Figure 5 any 
mixture of A and B will boil at temperature ¢ and yield 
a distillate of composition x, according to the law of 
Gay-Lussac. 
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A few special cases of partially miscible binary mix- 
tures are known (such as isopropanol and water) in 
which the diagram is a variation on Figure 4 (14), but 


these need not be taken up here. The four types of 
systems represented in Figures 2 to 5 comprise most of 
the constant boiling mixtures encountered in plant and 
laboratory. 

A typical application of azeotropism, of which nu- 
merous examples are to be found in industrial distilla- 
tion practice, is the addition of a third component to 
a mixture in order to form a CBM with one of two 
components otherwise difficult to separate by fraction- 
ation. Acetic acid, for example, is very difficultly sep- 
arated from its aqueous solution by fractionation alone. 
Addition of ethyl acetate, however, to a mixture of 
acetic acid and water allows the formation of the ester- 
water CBM, boiling lower than any of the other consti- 
tuents. Fractionation then gives the CBM as the first 
product, and, when this is removed, anhydrous acetic 
acid remains in the still. Sufficient ethyl acetate to 
form the binary CBM with all of the water present in 
the charge need not be added since the azeotrope con- 
denses in two phases. By continually decanting off the 
aqueous layer and returning the ester layer to the still, 
the acetic acid is finally dehydrated. 

An application of the azeotropic method in which no 
third component need be added is exemplified in the 
recovery of furfural from its dilute aqueous solution, 
for which a diagram similar to Figure 4 applies. AlI- 
though furfural itself boils well over 100°C., fractiona- 
tion of the dilute solution yields furfural as an overhead 
product, minus the bulk of the water, due to the exist- 
ence of the furfural-water azeotrope boiling at about 
98°C., and the vaporization of all the water in the orig- 
inal mixture is thereby avoided. Redistillation of the 
overhead product again gives the furftiral-water binary, 
from which the water layer is continually decanted until 
only dry furfural remains in the still. 

Yet another use of azeotropic phenomena which is 
receiving wider and wider application in both laboratory 
and plant practice is that of removal of one product 
from the site of reaction in syntheses involving equi- 
librium. Thus, in the ordinary production of esters and 
acetals (15, 16) the continuous azeotropic removal of 
water as fast as it forms allows the reaction to proceed 
to completion. In many cases a portion of the ester 
itself or the alcohol or both will serve adequately for 
the purpose of forming the azeotrope, but in the case of 
some of the lower alcohols and their esters it may be 
desirable to add a “third component” in the form of 

benzene or other innocuous solvent. Removal of the 
ester or acetal as fast as it forms serves equally well in 
completing these reactions, and this is often accom- 
plished conveniently by means of an azeotrope with an 
excess of the alcohol. 

In the effort to isolate one component of a binary aze- 
otrope, it is not always possible to select a third mate- 
rial which will form a new and simple binary CBM with 
one component of the original azeotrope. It is usually 
an easy matter, however, to pick an additive material 
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which will form a ternary CBM with the two compo- 
nents of the first azeotrope. By the proper choice of the 
third component it is possible, except in rare cases, to 
obtain a ternary CBM of composition favorable to the 
isolation of the single pure component desired. Occa- 
sionally, where the rate of change of composition with 
change in pressure is great enough, an azeotrope can be 
“broken’’ by distillation at another pressure, as shown 
by Roscoe (6). 

Many other cases of the practical use of azeotropic 
behavior could be cited to show the wide applicability 
of this interesting property to distillation procedures. 
Azeotropism appears to be a property of much more 
general occurrence than is usually recognized, and an 
adequate knowledge of this department of physical 
chemistry will be very useful in broadly diversified 
work with all kinds of liquid compounds. Once the 
systematic treatment of the general case is clearly un- 
derstood, it is usually an easy matter to analyze some 
new azeotropic system and to put it to good use or to 
select and apply a system to accomplish an otherwise 
difficult job. 
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A Systematic Tabulation of Aldose Configurations 


ROBERT G. 


M. DAKERS 


Heriot-Watt College, Edinburgh, Scotland 


ip chernacengeiahlie perusal of Earl D. Stewart’s in- 
genious suggestions for the ‘‘Association of names 
and formulas of the aldose sugars’? [THIs JOURNAL, 
22, 175-6 (1945)] has prompted the author to present a 
concise tabulation of the aldose configurations. 

The orderly simplicity of the scheme reduces memory 
work to a minimum. Read from top to bottom, it 
represents an imaginary derivation of the higher 
aldoses, by Kiliani synthesis, from glycolic aldehyde 
as starting point. The aldehyde group is assumed 
throughout to be at the top of each formula, the pri- 
mary alcohol group at the foot. In accordance with 
Fischer’s practice, + represents —OH and — represents 
—H. 

The right-hand half of the scheme contains the d- 
sugars (that is, those configurationally related to and 
including d-glucose); the /-enantiomers occupy sym- 
metrically disposed positions on the left-hand side. 
Epimers appear appropriately side by side. 

The virtue of the arrangement is its readily discern- 
ible formal symmetry. It is easily reproducible in its 
entirety, or in part, from memory; indeed the only 
memory work called for is that essential to the filling 
in of the names of the individual sugars in their proper 
order. 


The resourceful student will devise his own mnemon- 
ics. The author has suggested to his students that the 
names of the four aldotetroses may be associated in 
proper order by visualizing a desert scene where a rib 
(ribose) is discerned protruding from the sand! The 
finder, realizing that it belongs to an ‘‘Arab I knows” 
(arabinose), reinters it and thoughtfully, though in- 
appropriately, erects a memorial cross (the ‘“‘X”’ of 
xylose); but, appreciating his error, reverses his initial 
procedure, thus converting xyl- to lyx-ose! The stu- 
dent is left to tackle the sequence of aldohexose names, 
with the suggestion of a possible linking up of Allah 
(allose), altar (altrose), God (G for glucose), man 
(manszose), gullibility (gulose), idiocy (idose), gala 
(galactose), tallow (talose). 

The addition, at the foot of the table, of the names of 
the dibasic acids formed by oxidation of the aldo- 
hexoses has been found helpful, not only in discussion 
of the aldohexose configurations, but also in illustration 
of the general observation that the number of stereo- 
mers in a molecule with four asymmetric centers is 
reduced from 16 to 10 with the acquisition of structural 
symmetry. A glance at the configurations imme- 
diately above each acid shows which are optically ac- 
tive and which have a meso configuration. 


ALpDOosE CONFIGURATIONS 
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A Demonstration of Thermal Diffusion 





WILLIAM M. SPICER 


The Georgia School of Technology, Atlanta, Georgia 


HERE has been much interest in thermal diffusion 

since the announcement that this was one of the 
main methods used to separate U-235 for use in the 
atomic bomb. 

The history of the process is significant in that it 
shows again how a pursuit of pure science often leads 
to practical results undreamed of at the time. 

D. Enskog (1) in 1917 showed in his doctoral dis- 
sertation that according to the kinetic theory, a tem- 
perature gradient in a mixture of two gases gives rise to 
a corresponding concentration gradient. In general, 
the light constituent concentrates in the hotter portion 
of the container. A little later, and independently, 
Chapman (2) arrived at the same conclusion also from 
purely theoretical considerations. 

The phenomenon was first demonstrated experi- 
mentally by Dootson (3). Into an apparatus consist- 
ing of two glass bulbs of 100-ml. capacity connected 
by a stopcock, he introduced a mixture of hydrogen 
and carbon dioxide and maintained one bulb at 230° 
and the other at 10°. After four hours an analysis 
showed that the hot bulb contained 44.9 per cent Hz: 
and 55.1 per cent carbon dioxide, and that the cold 
bulb contained 41.3 per cent Hz and 58.7 per cent car- 
bon dioxide. 

Chapman suggested the use of this method for iso- 
tope separation, but Mulliken (4), after a thorough 
study, concluded that in the case of isotopes, where 
the percentage difference in mass is relatively small, 
the resulting separation would be too minute to be of 
practical value. 

Little further progress was made until Clusius and 
Dickel (5) combined this thermal diffusion process 
with a thermal syphoning process by carrying out the 
separation between concentric vertical tubes, one of 
which is kept hot and the other cold. In such an ap- 
paratus the light constituent not only concentrates 
around the hot tube but, being hot, rises while the 
heavy constituent concentrates around the cold tube 
and falls. 

A simple but satisfactory apparatus for the demon- 
stration of the method is shown in the figure. It con- 
sists of three concentric glass tubes of 1.2 cm., 3.5 cm., 
and 5.0 cm. diameter. The small inner tube carries a 


heater consisting of 12-gage nichrome wire in four-hole 
insulators. The gas space is between this small tube 
and the middle tube, while tap water is circulated be- 
tween the middle and the outer tubes. This main- 
tains the cold surface at approximately 25° ,while a 
heater current of nine amperes keeps the inner tube 
at about 150°. 


The end reservoirs consist of 3-liter, 
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round-bottom flasks joined on by large ground joints. 
The tubes must be in a vertical position. 

In order to make the separation visible, and thus 
make unnecessary an analysis, an approximately equi- 
molecular mixture of bromine and air is used. Within 

















ten hours the separation is quite apparent, and within 
a few days it appears that all of the bromine originally 
in the upper reservoir has been transferred to the lower 
one. Now if the heater is turned off, the bromine 
concentration becomes uniform throughout the ap- 
paratus in about a day. 
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Postwar High-school Chemistry 


VIRGINIA W. FISHER 
Washington Irving High School, Clarksburg, West Virginia 


iF TOOK World War I to give chemistry a firm place 
in the high-school curriculum. With Germany’s mo- 
nopoly of the dye, potash, drug, poison gas, and other 
chemical industries, the United States was forced to 
resort to its own ingenuity. American chemists, 
spurred by the national emergency, rose to the call and 
synthesized dyestuff, medicinal, and pharmaceutical 
preparations, and poison gases even superior to the 
German products. Chemistry came into its own in this 
country with a rush. During the period of the abrupt 
rise of the chemical industries in the United States, 
chemistry was firmly established as a classroom subject. 

Then gradually came a decline in the popularity of 
chemistry as a subject. ‘Educators’ put greater em- 
phasis on the social studies in the high school. The de- 
cline had about leveled off at the beginning of World 
War II. 

Along with this lull of popular interest in chemistry 
we observe teaching standards reaching a standstill. 
We see our high-school students being taught some sci- 
ence—a little chemistry, a little physics, a little biology, 
but not much of value in courses labeled general science, 
senior science, or consumer science. In short, high- 
school students are taught superficially about science, 
but not enough about fundamental principles to meet 
the needs of a complex society. 

During this period, we have seen our high-school 
chemistry laboratories disappearing, for instead of 
students’ learning chemistry by experimenting, the 
high-school teacher “‘takes the course’’ as he stands be- 
fore his class performing a few experiments. Oftentimes 
students in the last row wonder just what is really tak- 
ing place on the teacher’s demonstration desk. 

The high-school student of chemistry, a product of 
such training, has been criticized for failing to meet mili- 
tary standards and industrial standards of a world at 
war, or college entrance requirements. If these criti- 
cisms are justified, chemistry teachers have a responsi- 
bility that they are not discharging. 

During World War II, the Army and Navy set up 
their own preinduction educational programs with 
great emphasis on physics and aeronautics, without re- 
alizing sufficiently that there would be no physics or 
aeronautics if the material products of chemical research 
were not available to the physicist and the aviator. Are 
airplanes of any value without high-octane fuel and 
rubber? Who makes the explosives that go into bombs, 
the chemical agents in gas masks, the fertilizers for the 
growth of crops, penicillin, sulfa drugs, or synthetic 
quinine to save the lives of our fighting men, if not the 
chemists? 


Chemistry has played an important part in winning 
World II, and we may expect the enrollment in chemis- 
try classes to increase even more than was the case af- 
ter World War I. Are we ready to receive additional 
students in our classes and give them a thoroughly mod- 
ern postwar course in chemistry? 

Certainly postwar industrial and social changes of 
far-reaching importance are taking place. In these new 
situations, demands will be made on chemists to utilize 
atomic energy, to improve our food, clothing, fuels, 
and other everyday necessities. 

We can foresee a demand for more chemists. If our 
nation is to retain its position as the chemical center of 
the world, American chemists will be needed to develop 
the resources of our allies and occupied nations, and to 
educate the people of these nations in modern chemical 
principles until they become dependent upon themselves 
during their period of reconstruction. The world is 
looking to America for technical leadership. In order 
to do their full part in reconstruction, American high 
schools must teach more and better chemistry. The 
very destiny of our nation rests with our chemists, 
products of our classrooms. 

In a high-school chemistry course the student will dis- 
cover the vast contributions made by our chemists to 
daily living and hence discover the relation of chemistry 
to our very existence. Such a realization is only pos- 
sible if chemistry is taught to over 75 per cent of our 
high-school graduates. In an age of chemistry, a knowl- 
edge of chemistry is certainly more important than the 
required courses of social studies, four units of foreign 
language, or four units of so-called English literature. 
Such courses are taking the place of chemistry in some 
high schools at present. 

We are no longer justified in having a secondary 
school chemistry course taught solely for those going to 
college. If we teach chemistry as a college preparatory 
subject to the superior students exclusively, we are 
neglecting a great opportunity as well as violating a 
principle of democracy. 

The logical way to maintain interest in chemistry is 
through laboratory work where the student learns by 
performing laboratory experiments and class demonstra- 
tions. With the Army ceasing to demand large quanti- 
ties of glassware and other necessary equipment, labora- 
tory facilities should be expanded with new and better 
equipment. As our teaching technique changes, so must 
our laboratory facilities change. No work can be well 
done without essential tools. In some schools funds 
may not be available to purchase necessary equipment; 
then the teacher and student may be called upon to de- 
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velop their ingenuity to devise suitable equipment for 
essential experiments. 

In building up a chemistry museum, student interest 
may be displayed through the development of projects. 
Students develop worth-while hobbies from out of class 
projects. Such projects may include the building of 
atomic models, construction of electrolytic cells, prepar- 
ing maps of chemical industries or products, collecting 
minerals, preparing crystals, plastics, or setting up com- 
plex experiments not found in the regular laboratory 
manual. 

Interest is maintained if throughout the year prac- 
tical experiments are interwoven in the regular course 
of instruction. Such experiments as testing foods for 
constitiients and adulterants, dyeing cloth, analyzing 
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fabrics, preparing cosmetics, testing fuels, developing 
pictures, or making plastics not only create interest but 
bring the home and school into closer relationship. 

A .well-selected library of recent chemistry books 
stimulates interest and inspires the student to greater 
achievement. 

It is the job of the high-school chemistry teacher to 
lay a strong foundation in basic principles and not 
merely to teach a few modern high-sounding theories 
and terms. In our teaching, we must do more than 
teach the student to memorize a few laws, symbols, and 
equations, for we must develop his brain into logical 
thinking and reasoning. We must teach the student the 
how of chemical reactions as well as the why. Chem- 
istry teaching without these features is of little value. 


Synthetic Vitamin C Holds Key to Food and Beverage Protection 
A, ADAMS LUND 


APART from the known market for synthetic ascorbic acid in 
the enrichment of foods and beverages, there is a growing appre- 
ciation among food technologists of the great future which awaits 
this vitamin in the industrial food field as a protective agent against 
oxidative spoilage. 

The war years have seen this one-time laboratory curiosity 
topple from the ‘‘dollars-per-grain’”’ price bracket down to where 
it is now practicable to use it as an everyday work-tool. Produced 
on a large tonnage basis, it has already reached a degree of com- 
mercialization beyond the wildest dreams of those who were 
responsible’for its original synthesis and manufacture. 

Early in the war, Canadian technologists seeking a substitute 
for the citrus juices, worked out a highly successful enrichment 
procedure for native apple juice. Vitamin C-supplemented apple 
juice took the place of the morning orange juice cocktail and saw 
the Dominion safely through a period of great shortage in the 
natural vitamin. But the scientists working on the Canadian 
apple juice development found something more—something they 
had not quite anticipated. The apple juice, fortified with syn- 
thetic ascorbic acid, was lighter in color and its flavor was consid- 
erably improved over that of the untreated juice. 

American apple growers have been slow to capitalize on these 
findings but the indications are that they are due for an awaken- 
ing when their crop situation improves. 

Now the industrial use of synthetic vitamin C has been ex- 
tended to the packing of frozen peaches which are particularly 
susceptible to darkening; apples, pears, apricots, etc., may be 
next on the list. Ascorbic acid, used in small amounts, either 
alone or admixed with sugar or syrup, preferably the latter, has 
been found to preserve the original color and fresh flavor of 
the fruit during long periods of freezing storage. Obviously, the 
addition of the vitamin color and flavor for protective purposes 
also increases the nutritive value of these fruits. 

Recently, the Massachusetts Experiment Station at Amherst 
has espoused a new method of home canning involving the use of 
vitamin C tablets. They have found that by putting the tablets 
in the jars before they are filled with fruit and processed, the 
usual darkening and change in flavor resulting from oxidation is 

avoided. They recommend this procedure particularly in the 
case of peaches, pears, and plums, and say that they have also 
found it very helpful with canned apple sauce. 

For home canning, the Station suggests the addition of 1!/, 
tablets of 100 mg. potency to each pint jar. 

Although the commercial canning process results in the partial 





deaerating of the container head space, it is obvious that the use 
of the vitamin is indicated as a further aid in the retention of 
fresh flavor, if not color. Few canned fruits retain the original 
flavor of the fresh fruit and the addition of the antioxidant vita- 
min may be one answer of the canning industry to the growing 
threat of frozen-food competition. 

The sale of antioxidant vitamin tablets for home canning 
promises to assume considerable importance. They will prob- 
ably become a grocery staple if the drug trade does not rush in to 
beat the grocery distributors to it. 

At present, only the pharmaceutical potencies in vitamin C 
tablets are available. It is predicted, however, that special can- 
ning tablets of /-ascorbic acid will be made available shortly, but 
the suggestion that /-ascorbic acid, iso-ascorbic acid, and gluco- 
ascorbic acid will also be made available is not likely to be realized 
on anything like a commercial basis. It may be said that at the 
present time no commercial production of the latter items is con- 
templated. The Massachusetts Station favors iso-ascorbic acid 
because of its more rapid uptake of oxygen but the vitamin manu- 
facturers prefer to concentrate for the present on the one item, 
for which there is an established or well-indicated demand, than 
to spread their overtaxed production facilities over two or more 
products. Also, there is this to be said in favor of the use of 
ascorbic acid instead of its isomer, that it gives the customer the 
absolute maximum in nutritional value in addition to its anti- 
oxidant effects. In fact, at least two packs of frozen peaches do 
not contain label declarations of vitamin C content. 

Beyond the canning and frozen food fields, vitamin C manu- 
facture is reaching forth to still newer horizons. Used as an anti- 
oxidant in beer, flavor is said to be improved and the beer en- 
riched in nutritive value. In fats susceptible to rancidity, it has 
been used as a synergistic agent in combination with the toco- 
pherol (vitamin A) and other antioxidant agents. 

Oxidation in processed foods and beverages has been the food 
industry’s number one headache for lo! these many years. Even 
ice cream and baked goods have suffered more at its hands than 
from perhaps any other single factor. 

With the steady lowering in price of this remarkable ‘‘two-in- 
one” enrichment and protective acid, it behooves every manu- 
facturer of a food or beverage product to reéxamine the tech- 
nology of his product to see if vitamin C does not have an im- 
portant contribution to make to its present and future sales 
acceptability —Reprinted, with permission, from Food Materials 
and Equipment (August, 1945). 








A Pupil Project with Carbonates 


CHARLES H. STONE 


Vermont Junior College, Montpelier, Vermont 


ARBONATES, salts of carbonic acid, have the 


general formula 
O 
M¢ »C=0 


M representing any bivalent metal. The carbonate 
ion contributes no color to compounds, so colors of 
carbonates are due to the cation. Most carbonates 
are colorless, but there are some interesting exceptions. 
All carbonates are insoluble except those of the alkali 
metals. Bicarbonates, however, are generally soluble. 

Since textbooks and manuals do not cover the sub- 
ject of the carbonates as fully as might be desired, the 
following suggestions are submitted for experimental 
purposes. 

Formation of carbonates. Dissolve 10 g. each of 
mercurous nitrate, copper sulfate, cobalt chloride, 
manganese chloride, and nickel sulfate, all finely pow- 
dered, in 30 ml. of water in separate beakers. Add to 
each liquid, filtered if necessary, a clear solution of 
sodium carbonate until precipitation is complete, 
noting the color of the product in each case. Filter 
off the solids and, when the liquid has completely 
drained through, wash with a little cold water. Drain, 


dry, powder, sift, and preserve the five products in: 


neatly labeled vials or test tubes. Write the equation 
for each reaction. 

The effect of heat on carbonates. In separate test 
tubes put two or three grams of the carbonates of lead, 
copper, cadmium (how would you prepare this?), and 
nickel. Provide the test tubes with one-hole stoppers 
carrying a delivery tube in each, the delivery tubes 
leading down into tubes containing clear lime water. 
Heat each tube separately until no more gas escapes. 
Then remove the lime water tubes. What results were 
observed? What is shown by these results? When 
the solid residues in the original tubes have cooled, 
pour them out on small squares of white paper. What 
are the colors of the products? From these experi- 
ments what general statement can be made concerning 
the effect of heat on carbonates? (A) 

In a long dry test tube heat a little mercuric carbon- 
ate until all solid matter has disappeared. What prod- 
ucts were you able to identify during the reaction? 
Where is mercury in the displacement series? How 
would silver carbonate act if heated? These are ex- 
ceptions to the general statement made in (A). 

Add a drop of dilute hydrochloric acid to a little 
anhydrous sodium carbonate in an evaporating dish 
or test tube. What gaseous product escapes? How 
can this product be identified? Now heat two or 


three grams of the anhydrous sodium carbonate in an 
evaporating dish strongly for at least two minutes. 
Let it cool. To the cold residue add a few drops of the 
acid; identify the gas which escapes. Note another 
exception to the general statement made in (A). Now 
make a comprehensive statement concerning the effect 
of heat on carbonates. What other carbonates will 
behave as did sodium carbonate? 

The action of organic acids on carbonates. All car- 
bonates react with mineral acids. The action of 
slightly dissociated organic acids is somewhat different. 
In separate small beakers warm 20 ml. of formic acid; 
this is the acid secreted by certain insects such as ants 
(Latin, formica). Do not get this acid on the hands as 
at produces blisters. Stir in powdered lead carbonate, 
copper carbonate, and cobalt carbonate, respectively, 
until there is no further evidence of action. Heat a 
little to assist the action but do not boil. Filter the 
several liquids into separate flat-bottomed glass dishes 
with vertical sides and stand these in a steady but not 
violent current of air. A window sill with the lower 
sash slightly open is suitable. Dust in the surrounding 
air is to be avoided. When the liquid has almost en- 
tirely evaporated, remove the crystals and dry them 
on blotting or filter paper. When perfectly dry pre- 
serve the crystals in tightly stoppered small tubes 
neatly labeled. Note the blue cubes of copper for- 
mate. Hold the tube of cobalt formate in a horizontal 
position so that bright sunlight shines through it, and 
view the crystals; they glow like live coals. Examine 
the lead formate crystals similarly. 

Organic products from sea shells. Procure two or 
three oyster, clam, mussel, or whelk shells from the 
water or fish market and wash them clean. When 
dry, reduce the shells to powder in a clean, dry, iron 
mortar. In separate beakers treat five grams of the 
powder with lactic acid, formic acid, and dilute hy- 
drochloric acid. The first two acids are organic, and 
their action will be slow. Continue in each case until 
no further action results. Filter off the undissolved 
material and evaporate each filtrate to dryness with 
gentle heat. Calcium lactate is used to stop internal 
bleeding, calcium chloride is used as a drying agent 
for certain organic liquids.. For what is calcium for- 
mate used? Calcium nitrate and calcium acetate 
may be prepared in a similar manner. Calcium ace- 
tate is used to prepare solid alcohol in the laboratory. 

Preparation of solid alcohol. Pour 3 ml. of saturated 
calcium acetate solution and 7 ml. of denatured al- 
cohol at the same time into an evaporating dish. The 
alcohol may be colored if desired with a little solid 
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dyestuff. The gel that forms is similar to Sterno. 
Remove and ignite some of the jelly, supporting it on 
a metal or an asbestos sheet. What is the white resi- 
due? 

Carbon dioxide soap bubbles. Make a strong solu- 
tion of soap in which some anhydrous sodium carbon- 
ate is dissolved. Into the liquid in a beaker introduce 
through a pipet some dilute hydrochloric acid so that 
the acid is delivered at the bottom of the liquid. What 
happens? Why? 

Preparation of sodium bicarbonate. Saturate 50 
ml. of concentrated ammonium hydroxide with com- 
mon salt. Pour the clear liquid into an Erlenmeyer 
flask fitted with a one-hole stopper through which ex- 
tends the long arm of an L-tube reaching to the bottom 
of the flask. Connect the short arm to a Kipp gener- 
ator for carbon dioxide. When the stopcock is opened, 
the gas will flow in only as long as it is absorbed. A 
100-ml. graduate may be used instead of the flask, 
provided the top is closed in the same way as described 
above. Let stand overnight. In the morning filter 
off the white product and dry it. Write the equation 
for the reaction. Instead of gas from the Kipp, lumps 
of solid carbon dioxide (dry ice) may be added from 
time to time. Results can be obtained in this way in 
ten to fifteen minutes. 

Reaction of carbon dioxide with bases. When car- 
bon dioxide is passed into clear lime water, the product 
formed is visible because calcium carbonate resulting 
from the reaction is insoluble. A soluble carbonate 
may be formed with certain bases. Add a few drops 
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of acid to five ml. of sodium hydroxide solution. 
There are no visible products. Why? Now pass car- 
bon dioxide for at least one minute into sodium hy- 
droxide solution; then add acid. What happens? 
What is proved? When a mixture of carbon mon- 
oxide and carbon dioxide is passed into sodium hy- 
droxide solution, the carbon dioxide is retained but 
the monoxide passes on without reaction. Problem: 
prepare sodium carbonate from sodium hydroxide, 
and prove that sodium hydrogen carbonate is absent. 

Comparison of carbonates and sulfites. How closely 
the carbonates of a metal resemble the sulfites of that 
metal is shown by a comparison of their structural 
formulas: 


Na—O Na—O 
_ and se? 
Na Na— 


Treated with a strong acid such as dilute sulfuric acid, 
these solids yield carbon dioxide and sulfur dioxide, re- 
spectively. Dissolved in water, these gases form weak 
unstable acids. Water solutions of these solids treated 
with carbon dioxide and sulfur dioxide, respectively, 
yield the acid salts: 


Na—O Na—O 
Ye=0 and ys? 
H—O H— 


While the sulfites can be oxidized to sulfates, the 
same is not true of the carbonates, for carbon has only 
the higher valence of four while sulfur can be oxidized 
from valence four to valence six. 


THE PRESENT STATE OF THE CHEMOTHERAPY OF TUBERCULOSIS (Continued from page 587) 


When dead tubercle bacilli are injected into an animal, 
antibacterial antibodies are formed in its tissues, but 
only sensitizing and anaphylactic antibodies have been 
produced. None of these antibodies has shown immun- 
izing properties (26). 
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Out of the Editors Bashet 


NE of the most important educational issues be- 

fore us today is the debate over compulsory 
military training. One of the discussions of this 
topic, by President Tresidder of Stanford University, 
in the October Journal of Higher Education, caught our 
attention particularly. An author’s note, concluding 
the article, ended with the following: 


As I see it, our problem is not primarily one of maintaining a 
large regular Army, Navy, and Air Force, together with a vast 
trained reserve, important as those are. How can we apply the 
bitter lessons learned in Britain, Germany, Russia, and the 
Pacific to afford ourselves the largest measure of security? De- 
spite recent statements in the press tending to minimize the role 
of atomic power, it is clear that the whole idea of defense and war 
must be restudied in the light of this revolutionary development. 
In protecting and increasing our reservoir of scientific personnel 
we have failed miserably during the war. Fundamental and 
applied research must go forward on a scale heretofore unknown 
in this country as a part of our defense program. How can we 
minimize the conflict of authority, jealousies, duplications of 
missions and establishments that have existed among the Army, 
Navy, Marine Corps, and Air Forces? What plans do we have 
for remedying the appalling physical and mental deficiencies now 
existing among our youth? These are only a few of the urgent 
questions that I hope will be submitted to a commission of com- 
petent Americans appointed for the purpose of formulating the 
principles of national defense upon which enabling legislation 
will be based. To approach the problem piecemeal or to rely 
solely upon the opinions of military men may be fatal to the 
cause of preserving peace and developing an adequate system of 
defense. 


@ Research now being conducted points to numerous 
uses of Fiberglas milled fibers as a reinforcing agent for 
special papers, plastics, and abrasive compounds. 
The milled fibers have also been employed successfully 
to improve the characteristics of sound deadening 
paints. 

Fiberglas milled fibers are formed by hammermilling 
Fiberglas continuous yarns into maximum lengths 
ranging from one thirty-second of an inch to one and 
one-half inches. Appearance of the fibers varies with 
the maximum fiber length. The shortest lengths are 
tightly nodulated, while the longest sizes form a loose 
mass. 

The tear strength of explosive paper, used for wrap- 
ping dynamite, is materially increased by the addi- 
tion of 10 per cent by weight of three-quarter-inch 
milled fibers. The presence of the glass fibers provides 
a better bond between the paper and the paraffin 
used to coat it. Hinging action is minimized. Be- 
cause dispersion of the glass fibers in the paper gives it 
more uniform strength, the paper disintegrates after 
the explosion instead of leaving small pieces to smolder 
and perhaps cause a fire. 

Ten per cent by weight of the milled fibers dispersed 
in filtering paper gives it more uniform capillarity and 
speeds the filtering process. The fibers are highly 
adsorbent (not absorbent) and act as veins which 


conduct moisture rapidly throughout the paper. Be- 
cause of this high adsorption characteristic, the same 
percentage of the fibers in laminating paper speeds 
impregnation by the resin and reduces curing time. 

Fiberglas milled fibers have been successfully in- 
corporated in high-pressure resins (melamine) to form 
molded plastic switch boxes and are adaptable to many 
other applications of high-pressure molded plastics. 

A 300 to 400 per cent improvement in impact 
strength and generally longer life has been given 
phonograph records by replacing organic filler mate- 
rial with three per cent by weight of the one-eighth- 
inch Fiberglas milled fibers. Record deterioration is 
frequently due to the presence of microscopic blisters 
in the sound track. Such blisters are attributable to 
the swelling of organic filler material, caused by mois- 
ture absorption. Since the milled Fiberglas fibers are 
microscopically fine solid glass rods they can neither 
absorb moisture nor swell. No increase in the noise 
level is caused by the presence of the glass fibers. 
Phonograph records are customarily made of a com- 
pound of silica flour, shellac, lamp black, and filler 
material. 

Strength and performance of abrasive cutting wheels 
have been improved by incorporation of one-quarter- 
inch Fiberglas milled fibers in the abrasive grain 
(chopped silica, carborundum, etc.) which is mixed 
with a thermosetting binder and molded into form. 

Fiberglas milled fibers ranging from one-sixteenth 
to one-thirty-second of an inch in length have been 
incorporated in sound-deadening paints, with a re- 
sulting improvement of 100 per cent in sound-deaden- 
ing qualities. The paints, sprayed on metal surfaces, 
“‘de-ping”’ the metal by reducing the vibration. Their 
chief field of use is in the automotive industry where 
they are applied to the interior metal surfaces of passen- 
ger cars, trucks, and other automotive vehicles. 


@ The war has brought about the destruction of many 
libraries. The most recent case brought to our atten- 
tion was the University of the Philippines’, which was 
almost completely looted or destroyed. They are in 
need of back files of all journals, and there must be 
many other similar cases. If any of our readers care 
to offer back files of this or other journals, we may be 
able to pass the information along. 


e Notre Dame University has announced a gift of 
$1,000,000 from Peter C. Reilly, president of the 
Reilly Tar & Chemical Corporation, of Indianapolis. 
The contribution, largest single gift in the history of 
the university, is to be known as the P. C. Reilly sci- 
ence fund, and will be an endowment. 

The income from the endowment is to be used in the 
field of chemistry and chemical engineering. Awards 
specified include an annual fellowship to the outstand- 
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ing lay member of the graduating class in the chemistry 
or chemical engineering departments of Notre Dame; 
four annual graduate nonteaching fellowships of $1000 
each for graduates of chemistry or chemical engineering 
from Notre Dame or schools other than Notre Dame; 
and an honorarium of $5000 annually to an outstanding 
chemist or chemical engineer for a one-semester series 
of lectures at the university. 


e Asimple method of generating hydrogen is described 
by Metal Hydrides, Inc. (Congress St., Beverly, Massa- 
chusetts), consisting of the use of calcium hydride 
packed in tins. On immersion in water, hydrogen is 
evolved. Another publication of the same company, 
“The hydride process and its products,’’ contains some 
very interesting information about metallic hydrides. 
The following is quoted: 


The hydrides, that is, the compounds of various elements with 
hydrogen, have been known to chemists for a long time, but it is 
only recently that an intensive study of these interesting com- 
pounds has revealed the importance of this group from the stand- 
point of industrial application. 

Some elements such as Li, Na, K, enter into combination with 
hydrogen in only one proportion, forming only one definitely 
established hydride, such as LiH or NaH for example. Other 
elements such as boron or silicon form with hydrogen a series of 
compounds analogous to hydrocarbons. Therefore the number 
of known hydrides is considerable. 

The identity of the volatile hydrides, such as most of the hy- 
drides of boron or silicon, is definitely established, since they can 
be isolated by fractional distillation. The identity of the hy- 
drides of the elements of higher atomic weight cannot be estab- 
lished with equal certainty. The hydrides of Ca, Ba, Sr, Ti, Zr, 
Th, Cb, and Ta are solids and usually decompose before reaching 
the melting point. Under varied conditions the amount of hy- 
drogen present in the compound may vary and therefore the 
chemical formulas by which different investigators propose to 
represent them also vary. However, as the knowledge of these 
compounds increases it becomes evident that the hydrides are 
not merely metals holding hydrogen in the occluded state, but 
are true compounds possessing different physical and chemical 
properties than the elements from which they have been pro- 
duced. 

For instance, such good ‘conductors of electricity as Na, K, 
and Ca, when allowed to absorb a sufficient amount of hydrogen, 
are converted into crystalline bodies which do not conduct 
electricity. The melting points, densities, as well as the chemi- 
cal properties of the formed hydrides are different from those of 
the metals from which they have been derived. 

One of the most useful properties of hydrides and particularly 
of metallic hydrides is that they dissociate on heating into pure 
metal and hydrogen. They can be considered therefore as the 
source of hydrogen of the highest possible purity. In fact, as has 
been established, hydrogen evolving from a hydride is more 
chemically active than hydrogen of the same purity prepared by 
other means. 

Such nonvolatile hydrides as titanium hydride (TiH2) can 
therefore be used as a storage and generator of the 100 per cent 
pure hydrogen often needed in laboratory work. 

Metallic hydrides can also be used in the production of alloys 
of metals which are difficult to prepare by other methods. 


e ‘Scientists of tomorrow’’ is a collection of the essays 
by the winners of the 1945 Westinghouse Science 
Scholarships resulting from the fourth annual science 
talent search. It is issued by Science Service, 1719 
N St., N. W., Washington, D. C. Several of the es- 
says are on chemical topics. 








New BARNSTED PORTABLE WATER BATH—AN 
ELECTRICALLY HEATED WATER BATH FEATURING 
AN AUTOMATIC BOTTLE FEED THAT MAKES IT 
PORTABLE. OTHER DESIRABLE IMPROVEMENTS 
EMBODIED IN THIS UTILITY APPARATUS ARE: 
AN INSIDE SHELF FOR IMMERSION HEATING; 
Rop CLAMps PERMANENTLY MOUNTED; A HANDY 
TEST TUBE HOLDER; FLUSH-MOUNTED SWITCHES; 
AND A PILOT LIGHT. 


e@ An item which every teacher should have who has 
anything to do with the vocational advice of students 
is the “‘Handbook of descriptions of specialized fields 
in chemistry and chemical engineering,’’ recently pre- 
pared by the National Roster and obtainable from the 
Government Printing Office (Washington, D. C.; 
price, 30 cents). Its introduction describes it as fol- 
lows: 

This handbook of descriptions of the specialized fields of work 
in chemistry and in chemical engineering is the first of a series 
being prepared by the National Roster of Scientific and Special- 
ized Personnel. This volume contains the descriptions of the 
usual or typical activities of technical personnel working in each 
of the 192 fields of specialization covered by part I. The various 
unit operations specialties of chemical engineers are described in 
part IT. 


@ Discovery of why glass picks ‘up an invisible ‘‘sun- 
tan’’ under the bombardment of ultraviolet radiation— 
one of the questions which has stumped the experts— 
was reported recently by a Westinghouse scientist. 

Dr. Harvey C. Rentschler, director of the Westing- 
house Lamp Research Laboratories at Bloomfield, 
N. J., has found that an alkali substance is the “‘unin- 
vited guest’’ in glass which causes the “glass suntan,” 
known as solarization. 

The solarizing effect, he explained, is a phenomenon 
similar to suntanning of the skin, where a desirable 
protective layer is built up to screen out the skin-red- 
dening ultraviolet radiations of the sun. In special 


glasses which transmit bacteria-killing ultra-violet 
radiations produced by a lamp, solarization is undesir- 
able since it cuts down the efficiency of the lamps. 
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By combining a recently developed glass free of the 
alkali substance with new long-lived electrodes, Dr. 
Rentschler envisioned that Sterilamps in the future 
may have three to four times the useful life of the best 
germicidal lamp currently available. The Sterilamp, 
developed by Dr. Rentschler, is a wand-like electronic 
tube which transmits from a mercury vapor source ra- 
diations which kill airborne and surface bacteria, 
viruses, and mold. 

Knowledge gained in the solarization experiments, 
Dr. Rentschler added, conceivably may be helpful 
eventually in the improvement of special window glass 
which transmits rays of the sun. 


e@ ‘The nutritive value of vegetables’ is a collected 
reprint of several articles under this title which ap- 
peared in The Nutritional Observatory and from which 
we have already quoted in THIS JOURNAL. It is ob- 
tainable by teachers from the H. J. Heinz Company, 
Pittsburgh 12, Pennsylvania. 


e@ No. 1 of the Scientific Report Series of the Sugar 
Research Foundation, Inc., of New York is entitled 
“Sugar and sugar by-products in the plastic industry.”’ 
It contains a great deal of interest concerning the prod- 
ucts from sugar. 


e A little contribution to the vocational guidance 
literature will be found in a pamphlet, ‘The plastics 
industry,’ issued by the Plastic Materials Manufac- 
turers’ Association (Tower Building, 14th and K Sts., 
Washington, D. C.). 


@ Scientists who made the atomic bomb, radar, and a 
host of other vital war weapons will have a chance to 
return promptly to college laboratories for scientific 
research and teaching through $2,500,000 in grants of- 
fered to educational institutions by Research Corpora- 
tion of New York, a nonprofit organization devoted to 
advancing research and technology by use of revenues 
from inventions assigned to it by public-spirited inven- 
tors. 

Preference in making these grants will be given, other 
factors being equal, to smaller institutions and those of 
more limited financial resources for research. 

The five-year program announced by Dr. Joseph W. 
Barker, acting president, who has returned to his du- 
ties with the Corporation and with Columbia University 
from service as Special Assistant to the Secretary of the 
Navy, will result in 100 to 200 grants of $2500 to $5000 
each year in order that talented young scientists, en- 
gaged for the most part in war research in uniform or as 
civilians, will be able to undertake at universities and 
colleges research of peacetime importance in pure 
science, especially chemistry, physics, mathematics, and 
engineering. 


e@ To meet vital wartime needs for munitions, medici- 
nals, insecticides, and other highly essential military 
and civilian items requiring chemicals, the Chemicals 
Bureau of the War Production Board directed the allo- 
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cation of approximately $10,000,000,000 worth of 
chemicals during the past four years, WPB reported. 

Production of chemicals and allied products in the 
three-year period 1942-44 was approximately $21,700,- 
000,000, WPB pointed out. 

It is estimated that the value of these products was 
close to $8,300,000,000 in 1944, compared with approxi- 
mately $3,700,000,000 in 1939. Calculating this in- 
crease with the price differential involved, the figures 
show an increase of approximately 90 per cent in the 
production of chemicals and allied products in the pe- 
riod 1939 through 1944. 

Approximately -$4,000,000,000 worth of federal and 
private funds were expended during the past four years 
for chemical plant expansion. In the same period ap- 
proximately $200,000,000 worth of chemicals per month 
was shipped from producer to consumer. The record- 
breaking quarter for allocation shipments was the first 
quarter of 1945, when over $1,000,000,000 worth of 
chemicals was allocated. 


@ This year the New York Botanical Garden, situ- 
ated in Bronx Park, New York, completes a half cen- 
tury of public service rendered not only to the commu- 
nity in which it is located but to the entire nation. 

A large proportion of our population think of a botan- 
ical garden in terms of beautiful flowers, trees, and 
shrubs. Comparatively few realize that it also should 
be thought of in terms of plants and plant life, and that 
it is engaged in scientific research which affects almost 
every phase of human life. 

All that we eat, drink, and wear has its origin in 
plants. Medicine, vitamin concentrates, and countless 
other materials which provide our shelter, protection, 
and comfort are derived entirely, or in large measure, 
from the same sources. In the final analysis, the human 
race is entirely dependent on plants for its very exist- 
ence. Without them we should starve, die of suffoca- 
tion, or freeze to death. 

Probably no group of industries maintains a closer 
relationship with the New York Botanical Garden than 
the manufacturers of drugs, pharmaceuticals, and chem- 
icals. These industries are indebted to botanical re- 
search for assistance in the study of medicinal plants, 
essential oils, insecticides, and disease-inhibiting molds. 
Quinine, morphine, digitalis, rubber, palm oil, even 
coal and its many chemical by-products are derived di- 
rectly or indirectly from plants. 

In May, 1945, Dr. William J. Robbins, director of 
the Garden, and two of his associates, announced the 
discovery of six new antibiotic substances similar to 
penicillin in their disease-inhibiting effects. Their clin- 
ical value is not yet known, but their possibilities are 
believed to be infinite in view of the fact that they open 
up a whole new line of antibiotic investigation among 
the numerous members of the family of Basidiomycetes, 


e A five-point program for strict control of German 
industry from raw materials to processing and scientific 
research, in order to prevent rearmament, has been 
formulated by the National Engineers Committee on 
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the basis of studies made by 35 leading engineers and 
technological specialists, and made public after trans- 
mission to the appropriate U. S. authorities in Wash- 
ington and abroad. 

The National Engineers Committee was requested 
last February to make a study and to suggest measures 
for postwar control of German war potential. The re- 
quest of the Council was supplemented by the approval 
of the State and War Departments. 

Working within the framework of the Yalta and 
Potsdam agreements, the engineering group concludes 
that assurance that Germany will keep the peace re- 
quires institution and maintenance of effective controls 
of power production, and distribution and industrial 
plant construction to (1) prohibit the synthetic fixa- 
tion of nitrogen, (2) prohibit the production of syn- 
thetic liquid fuels, (3) prohibit the production of alu- 
minum, (4) prohibit the development or use of atomic 
energy, and (5) limit the capacities and production of 
steel and steel products’ plants. 

It also is proposed to eliminate danger from secret 
scientific research by preventing coordination of such 
effort with development facilities under German con- 
trol. Economic subsidies to industry by the German 
government also are ruled out as a fruitful source of fu- 
ture war strength. 


@ Because an engineer had hay fever, the powders 
that coat the inner wall of a fluorescent lamp now are 
being applied by electronic methods from a cloud of 
phosphor dust. Daniel S. Gustin, manager of lamp 
engineering for the Westinghouse Lamp Division, not 
only found a way to relieve his ‘‘miseries,”’ but in the 
process hit upon an idea for a new technique of coating 
fluorescent tubes. Compared with ordinary methods, 
lamps coated electronically have about four per cent 
better light emission efficiency, the color of light is im- 
proved, and production problems are simplified and 
speeded. 

The watery eyes and wheezing which bother victims 
of airborne pollen in late summer affected Mr. Gustin 
so much he installed a Precipitron electrostatic air 
cleaner in his home in order to get some relief. As his 
wheezing subsided, he watched the dirt gather on the 
charged plates and wondered if this principle, or some 
version of it, could be used to coat the inner glass of the 
tubes used for fluorescent lamps. That would mean pre- 
cipitating the phosphors on the inner glass wall and 
making them stick there uniformly. His goal was elec- 
trostatic precipitation of the phosphors, those chemical 
specks which transform the invisible ultraviolet rays 
inside a fluorescent lamp to visible light. 

A method of preparing the powders in smoke form 
had to be devised because otherwise there would be no 
way of suspending phosphor particles in air so they 
could be brought inside the tube to be deposited on the 
glass. No such smoke-forming method was known but, 
after many trials Mr. Gustin discovered that by grinding 
phosphors into microscopic particles finer than talcum 
powder and inserting this pulverized mixture in a reser- 
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voir built of vitreous material, or metal, he could ‘‘gen- 
erate’ smoke by mixing a jet of air with the powder. 
That problem being solved, Mr. Gustin next tackled the 
job of getting the smoke-suspended phosphor particles 
onto the inner glass walls of the fluorescent lamp tub- 
ing. 

He found he could accomplish this result—called 
electrostatic coating—by pulling a rounded, pencil- 
thick steel rod with a sharpened tip through the tube. 
This rod served as an electrode, introducing in the tube 
the high voltage necessary to force the phosphors out of 
the smoke and precipitate them. 

What happened was that as the rod was drawn along 
the tube interior the powder particles rushing into its 
sharpened point became ionized and positively charged. 
Immediately they were pulled by electrical attraction to 
the negatively charged, electrically conducting heated 
glass inner walls of the tube. Mr. Gustin explained 
that glass, while normally an excellent nonconductor of 
electricity, becomes a conductor when heated to 660°F. 

The force of the impact caused the phosphor particles 
to adhere to the glass wall where they released their 
charge. Instantly, the particles took on an insulating 
property, leaving only clear glass areas to attract more 
powder and assuring the even distribution of phosphors 
upon which depends top light emission efficiency. 

Before Mr. Gustin invented electrostatic coating, all 
fluorescent lamps had been coated by first filling the in- 
side of the tube with a liquid containing phosphor pow- 
ders suspended in a volatile solvent binder and then 
draining. This method, called liquid flow coating, re- 
quired both a drying process and high temperature 
baking to oxidize the binder and to drive it off. 

The reason for the intense desire to obtain uniform 
phosphor coatings, Mr. Gustin explained, is because it 
is the key to the amount of visible light a lamp will emit. 
Too thick a coating of phosphor particles, for example, 
would be unsatisfactory because visible light would be 
absorbed by layers underneath. Too thin a coating, on 
the other hand, would waste the ultraviolet and cause 
light inefficiency since there would be insufficient phos- 
phor particles available for excitation. 


e Among the first of the postwar industrial expositions 
to be announced is the 20th Exposition of Chemical 
Industries which is being organized for the week of 
February 25 to March 2 in Grand Central Palace, New 
York, lately occupied as an Army induction center. 
Coming at a time when industries are in the throes of 
reconversion, the exposition will serve as an accelerator 
providing opportunities for personal contact and busi- 
ness conferences between principals, technical staffs, 
manufacturers, and professional consultants. Many 
new products and processes created by the war are ex- 
pected to come out from under wraps and be applied to 
civilian operations now that military needs no longer 
demand secrecy. Many other new methods and prod- 
ucts, shelved during the war years, are emerging as by- 
products, intended to round out the economic formulas. 
To the stimulating influence of first-time disclosures will 
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be added the substantial effect of exhibits of improve- 
ments by many of the most influential concerns in proc- 
ess equipment and chemical research fields. 


e As a further outgrowth of its work on the atomic 
bomb the University of Chicago has established an in- 
stitute for applying the results of nuclear physics re- 
search to such problems as cancer, heredity, and the ag- 
ing process. 

The institute, to be known as the Institute of Radio- 
biology and Biophysics, also will seek to perfect tech- 
niques for the protection of workers using radioactive 
materials. This need has been emphasized by the work 
on the atomic bomb and by the prospect of an increasing 
use of such materials in industry. 

Members of the new institute will work in close co- 
operation with those of the Institute of Nuclear Studies 
already founded at the University of Chicago under the 
direction of Professor Samuel K. Allison, physicist. 
The latter institute has brought to the university faculty 
two additional Nobel Prize scientists, Enrico Fermi, the 
physicist, and Harold Urey, the chemist. 

Establishment of the new institute is part of the 
university’s plan to further fundamental research in 
fields which went underground or were neglected during 
the war. 

In commenting on the announcement, Dr. Reubon 
G. Gustavson, eminent biochemist and vice-president 
of the university, said, ‘“The studies in nuclear physics 
have revealed many types of radiation, some of which 
can be produced by new methods which allow accurate 
control. These new tools are keys with which to open 
the secrets of our physical and biological worlds. These 
tools are dangerous to work with, and man has to learn 
how to protect himself while using them. 

“The application of these radiations to living tissues, 
organisms, and biological systems is in its infancy. We 
can make new attacks on disease. For example, science 
now knows some 200 chemical compounds which cause 
cancer. By replacing the normal atoms in these com- 
pounds with radioactive atoms of the same elements, 
these compounds can be followed in the animal body 
by a tracer method, and the methods by which they 
produce cancer may possibly be discovered.” 


@ For real efficiency, the firefly’s a piker compared with 
a fluorescent lamp, according to Dr. Rudolph Nagy, 
Westinghouse research engineer. 

While scientific measurements have established that 
95 per cent of the light produced by the insect is visible 
light, Dr. Nagy pointed out that the insect is mighty 
inefficient when one considers the relation of visible 
light to food calories consumed. By that token, he 
said, a white fluorescent lamp is 70 times more efficient 
than the insect as a light producer, and a green fluores- 
cent lamp is 100 times more efficient. The firefly’s real 
efficiency never has been established, so its perform- 
ance has been judged on the closest similar evidence, 
the 0.16 per cent efficiency value fixed for luminous bac- 
teria, the harmless kind that glow in the dark and are 
found commonly in sea water. 
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Luminous bacteria may be grown amd fed in the lab- 
oratory and thus checked closely for efficiency. Apart 
from the difficulty of observing the firefly under similar 
controlled conditions, its light, or nuptial lure, is only 
incidental to many of its life processes. 

Lamp efficiency values are established scientifically 
by comparing visible light produced with watts of elec- 
tricity consumed. 


@ The following item of great interest is quoted from 
Bulletin No. 91 on ‘‘Higher Education and National 
Defense,” issued by the American Council on Educa- 
tion. 


STUDENT DEFERMENT 


Final victory has changed the entire situation regarding student 
deferment. While the armed forces assert that their needs re- 
quire the continuance of Selective Service, there are no longer the 
imperative demands of war. Data assembled from various 
sources indicate that the national interest makes it mandatory to 
reéstablish student deferment. After preliminary conferences 
with representatives of a number of professional organizations, 
conversations were held with John W. Snyder, Director, Office of 
War Mobilization and Reconversion. At his request a statement 
was submitted to him on August 21 which contained the follow- 
ing recommendations: 


1. That the present policy of deferring men already enrolled in 
schools of medicine, dentistry, and osteopathy be con- 
tinued, and that pharmacy be added to this list. 

2. That each approved medical, dental, and osteopathic 
school or college which requires at least two years of 
preprofessional training, be authorized to certify for 
deferment for preprofessional study a number of men 
equal to 75 per cent of its freshman enrollment during 
the academic year 1939-40. 

8. That each approved college or university be authorized to 
certify for deferment a number of men, from those who 
are enrolled in the institution prior to their eighteenth 
birthday, equal to the number who graduated from that 
institution during the academic year 1939-40 with 
majors in agriculture, biology, chemistry, engineering. 
geology, pharmacy, physics, and psychology. 

4. That deferment for training be the equivalent of assign- 
ment to service and be presumed to be continuous as 
long as the individual continues in full-time study, satis- 
factorily pursues work toward completion of training in 
the necessary field and, upon completion of such training, 
finds employment within a reasonable length of time 
in such fields. 

5. That all full-time students in good standing in high school 
be deferred until they complete the academic year in 
which they become eighteen years of age, and all those 
in college or university until they complete the quarter 
or semester in which they become eighteen. 

6. That National Headquarters, Selective Service System, 
in cooperation with such agencies both within and out- 
side of government as is desirable, be directed to put this 
program into effect immediately. 


e A bulletin on ‘Cellulose acetate” by the Hercules 
Powder Company, Wilmington, Delaware,. contains 
theoretical and practical information on this impor- 
tant product. 


@ Two brief folders describing the occupations of the 
chemist and chemical engineer may be had from the 
National Roster of Scientific and Specialized Personnel, 
1006 U St., N. W., Washington 25, D. C. 
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A Four-Semester Program in Chemistry 
for Home Economies Students 


R. D. COOL 
University of Akron, Akron, Ohio 


OME economics students usually are subjected to 
conventional courses in chemistry and the result 
generally is disappointing to both students and in- 
structor. The course material seems so unrelated to 
the experience and interest of the students that there is 
little incentive for the effort necessary to obtain an 
appreciation or a reasonably good understanding of a 
science which has contributed greatly to their appear- 
ance, comfort, happiness, and health. Recognition of 
this unsatisfactory condition and the importance of 
chemistry in the home economics curriculum has re- 
sulted in the publication of a number of special texts 
for these students (cf. LITERATURE CITED). 

The program presented here was specially planned 
to meet the needs of home economics students and was 
used over a number of years with very gratifying re- 
sults. Applications to common experiences and famil- 


iar household materials instead of reagent ‘chemicals . 


were used whenever possible. As a result the students 
seemed to understand that chemistry was definitely an 
important part of their home economics training, and 
they showed an unexpected enthusiasm and willingness 
to work. It was not desirable to limit the work to 
purely descriptive chemistry devoid of theory; neither 
was it necessary. The satisfaction derived from being 
able to explain in terms of chemistry some of their 
everyday experiences developed a sympathetic attitude 
toward it, increased their interest, and in turn their in- 
formation, until they actually liked chemistry even 
though they still regarded it as a very difficult subject. 

The work was scheduled for two 50-minute class 
periods and one 3-hour laboratory period per week dur- 
ing the first and second semesters which were devoted 
to general and inorganic chemistry, and for two 50- 
minute class periods and one 4-hour laboratory period 
per week during the third and fourth semesters which 
were devoted to organic and physiological chemistry, 
respectively. Average students could complete the 
work outlined in the time allotted, and work in the 
laboratory was not permitted outside of scheduled 
hours. 


FIRST SEMESTER 


CLASS WORK 
1. Introduction 


(a) Origin and development of chemistry ‘ 
(b) Utility of chemistry 
(c) Units of measurement 


2. Matter and its changes 


(a) States of matter 

(6b) Properties 

(c) Classification of matter 
(d) Changes in matter 


3. Structure of matter and classification of the elements 


(a) Atoms 

(b) Molecules 

(c) Atomic weights 

(d) Atomic numbers 

(e) Chemical symbols 

(f) Atomic structure 

(g) Valence 

(h) Formulas 

(t) Classification of the elements 


Water and solutions 

Oxygen 

Hydrogen 

Gases, liquids, and solids; energy transformations with 
change of state 

The atmosphere 

Acids, bases, and salts 

Theory of ionization 

Equilibrium 

(a) Reversible reactions 

(b) Criteria of equilibrium 

(c) Factors which influence reversible reactions 

(d) Conditions under which reactions go to completion 

(e) Hydrolysis 


Although presented in different manner and order, 


the work outlined above covered the material in chap- 
ters 1 to 12 and 17 of the textbook (19). 
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LABORATORY WORK 


1. Units of measurement and manipulation of gas burner 
[(15), pp. 2-3; (20), p. 4] 


(a) Determination of volume (test tube, beaker) in ml. and 
conversion into other metric and English units 

(b) Relation between volume and mass of water; conver- 
sion of grams into other metric and English units of 


mass 
(c) Operation of burner 


2. Physical and chemical properties and changes [(8), pp. 
38-9; (15), pp. 6-8; (20), p.9; (23), pp. 6-8] 

3. Water and solutions [(6) p. 58; (8), pp. 76-8, 84-92; 
(18), pp. 470-4; (20), p. 17] 


(a2) Determination of the concentration of a solution 
(b) Tests for unsaturation, saturation, and supersaturation 
(c) Distribution of water (vegetables, meats, cereals, etc.) 
(d) Influence on solubility and/or rate of solution of: 

(1) Solute 

(2) Solvent 

(3) State of subdivision 

(4) Stirring 
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10. 


11. 


(5) Temperature 
(e) Water of crystallization 


Principles of frozen desserts [(18), pp. 474-5] 


(a) Effects of different substances on extent and rate of 
lowering of the melting point of ice 

(b) Effects of rate of freezing, kind and amount of sugar, 
upon sherbet texture 


Principles of creamy candies [(18), pp. 476-8] 


(a2) Boiling temperatures of different sugar solutions at 
soft, hard, and brittle stages 

(b) Effects of cooling and stirring upon crystallization of 
sugar solutions 

(c) Effects of acids and noncrystalline substances on size 
of sugar crystals 


Oxygen and combustion [(5), pp. 67-9; (14), pp. 47-8; 
(23), p. 53; (24), pp. 6-7] 


(a) Preparation 

(6) Properties 

(c) Kindling temperature 

(d) Combustion of organic substances 
(e) Fire retardants 


Hydrogen and types of reaction [(8), pp. 58-6; (15), pp. 


10-2] 

(a) Hydrogen 

(b) Types of reaction 
(1) Combination 
(2) Decomposition 
(3) Displacement 
(4) Double decomposition 
(5) Oxidation and reduction 
(6) Exothermic and endothermic 


The gas laws [(6), p. 26]. 
Boyle’s and Charles’ laws 

The atmosphere [(6), p. 140]. Qualitative tests for water 
and carbon dioxide; determination of per cent of oxygen 
in air 

Acids, bases, and salts [(5), pp. 207-10; (6), p. 96; (8), pp. 
46-52; (17), pp. 42-4; (20), pp. 49-51] 


(a) Indicators 

(b) Neutralization 

(c) Action of acids and bases on textiles 

(d) Influence of water on reactions between acids and bases 

(e) Hydrates 

(f) Determination of the percentage of water in an un- 
known hydrate 


Ionization in aqueous solution [(6), p. 92; (17), pp. 49-51] 
(a) Acids 
(b) Bases 


(c) Salts 
(d) Other substances 


SECOND SEMESTER 


The class work was essentially as presented in chap- 


ters 


i. 


2. 


13 to 16, 18 to 24, and 27 to 31 of the textbook (19). 


LABORATORY WORK 
Neutralization titrations [(3), pp. 28-32; (22), pp. 12-4] 


(a) Standardization of base with standard acid 

(b) Determination of per cent acetic acid in vinegar 

(c) Determination of per cent sodium carbonate in wash- 
ing powder 

(d) Determination of concentration of household ammonia 
and comparison of its cost with reagent ammonium 
hydroxide 


Hydrogen-ion concentration and common ion effect [(20), 
pp. 79-81; 


(22), pp. 15-8). Acetic and hydrochloric 


Quantitative demonstration of - 


10. 


41. 


12. 


13. 
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acid solutions; reactions of ash residues from fruits, 
vegetables, cereals, meats 
Equilibrium [(6), pp. 88, 104] 


(a) Effect of change in concentration 
(6) Effect of change in temperature 
(c) Ionic equilibrium 


Hydrolysis [(5), p. 158; (6), p. 128; (8), pp. 93-4; (11), 
p. 15; (23), pp. 117-20, 149] 


(a) Results of adding water to salts of weak acids and bases 
(b) Reactions of aqueous and alcoholic solutions of various 
brands of soap 


Cost of carbon dioxide in baking powders [(11), p. 7], 
from volume of carbon dioxide liberated by weighed 
sample. 

Qualitative tests for sulfide, sulfate, sulfite, carbonate, 
nitrate, nitrite, phosphate, and ammonium ions [(4), pp. 
20-1; (11), pp. 3-4, 19; (15), pp. 136-8; (20), pp. 127-9; 
(28), pp. 211-2] 


(a) Tests with simple salts 
(b) Test for sulfites in dried apricots 
(c) Test for nitrites in white flour 


Separation and tests for sulfide, iodide, bromide, and chlor- 
ide ions 

(a) From a mixture of simple salts 

(b) Test for iodide in table salt 

(c) Unknown 


Quantitative determination of available chlorine in chlo- 
rinated lime ‘ 

Characteristic reactions of sodium, potassium, calcium, 
barium, strontium, ferric, ferrous, aluminum, magnesium 
ions [(8), pp. 95-6; (15), p. 186; (20), pp. 137-44] 

Qualitative tests for ash elements of vegetables and cereals 
[(8), pp. 97-9; (22), pp. 31-2] 

Analysis of baking powder for carbonate, starch, tartrate, 
phosphate, sulfate, aluminum, calcium, and ammonium 
ion [(4), pp. 8-10; (5), p. 420; (6), p. 286; (11), pp. 7-8; 
(12), pp. 140-3; (16), pp. 176-8; (20), p. 163; (22), p. 
37; (28), pp. 129-30] 

Hard and soft water [(8), pp. 82-3; 
190-1; (23), pp. 121-6] 


(a) Soft water 

(6) Temporary hard water 

(c) Removal of temporary hardness 
(d) Permanent hard water 

(e) Removal of permanent hardness 


(11), p. 9; (14), pp. 


Testing of toilet preparations [(5), pp. 324-39; (6), pp. 
260-3; (11), p. 4]. Deodorants, dentrifices, depilatories, 
face creams and powders, nonperspirants 


THIRD SEMESTER 


The class work included the material presented in 
chapters 1 to 7, 9, 12, 14, and 15 of the textbook (10). 


LABORATORY WORK 
Effect of heat on organic substances [(17), pp. 67-8] 


(a) Charring test 
(b) Soot test 
(c) Limewater test for carbon dioxide 


Fractional distillation and preparation of absolute alcohol 
from an alcohol-water mixture [(1), p. 43; (12), pp. 14-5; 
(26), pp. 41-6] 

Determination of melting points [(1), pp. 15-9; (26), pp. 
13-7] 

Purification by crystallization, extraction, and sublimation 
[(1), p. 25; (26), pp. 29-40] 

Steam distillation [(1), pp. 51-3]. 
cloves 


Clove oil from ground 
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6. Hydrocarbons [(9), p. 39; (11), p. 6; (12), p. 21; (13), pp. 
7-13, 15] 


10. 


IF 


(a) 
(d) 
(c) 
(d) 


Saturated 
Olefins 
Acetylene 


Benzene & 
Derivatives of hydrocarbons [(4), pp. 20, 31-2; (11), pp. 


5-6, 20; (12), pp. 28, 36, 55-8, 76, 82; (22), pp. 19-20; 
(25), p. 190; (27), p. 452] 


(a) 
(6) 


(c) 


(d) 
(e) 
(f) 
(g) 
(h) 
(i) 
(j) 


(a) 


(0) 
(c) 


(a) 


Methyl alcohol. Physical properties and tests 

Ethyl alcohol. Determination of percentage in patent 
medicine 

Aldehydes 

(1) Formation by oxidation of alcohol 

(2) Tests 

(8) Test for presence of formaldehyde in milk 

Preparation of tartaric acid from grape juice 

Preparation of citric acid from lemons 

Esters. Preparation of ethyl acetate, amyl acetate, 
and methyl salicylate 

Preparation of iodoform 

Test for phenol in toilet preparations 

Test for benzoate in catsup 

Test for salicylic acid in toilet preparations 


Dyes [(5), pp. 234-78; (17), pp. 180-2; (23), pp. 254-66]. 


Action on cotton, linen, silk, wool, and rayon 


Direct 

(1) Substantive 

(2) Acid dyes 

(3) Basic dyes 

(4) Sulfur dyes 

Mordant (adjective) dyes 

Ingrain (developed) dyes 

(1) By combining two components into a dye by di- 
azotizing 

(2) By oxidation of a soluble compound to an insoluble 
dye 


Drugs [(9), pp. 73-4; (21), p. 4] 


Preparation of aspirin 5. 


Tests for: 


(b) 
(c) 
(d) 
(e) 
(f) 


Aspirin 

Salol 
Acetanilide 
Phenacetin 
Phenolphthalein 


Foods [(4), pp. 21, 37; (9), pp. 59-61; (11), pp. 2, 20-1; 
(12), pp. 78, 191-2; 


(17), pp. 114-5; (25), pp. 175-7] 


Tests for: 


(a) 
(d) 
(c) 


The class work was essentially as presented in chap- 
ters 1 to 14, 16, and 17 in the textbook (2). 


Tannin in coffee, green bananas, and tea 
Caffein in coffee and tea 
Food colors in butter, candy, jelly, soft drinks 


FOURTH SEMESTER 


LABORATORY WORK 


Colloids [(6), p. 308; (14), pp. 182-3; (18), pp. 529-33; 


(20), pp. 155-7; (28), pp. 227-8] 


(a) 
(d) 
(c) 
(d) 
(e) 
(f) 


Preparation 
Coagulation 
Emulsions 
Protective colloids 


Gels and jellies 7. 


Adsorption ‘ 


2. Tests for the more common elements found in animal and 


plant materials [(8), pp. 100-2] 








Carbon 


(a) 
(6) Hydrogen 
(c) Nitrogen 


(d) Sulfur 
(e) Phosphorus 


Carbohydrates [(3), pp. 76-8; (22), pp. 2-11; (25), p. 115] 


(a) General (Molisch, or alpha naphthol) test for carbo- 
hydrates 

(b) Reduction tests (Fehling and Benedict) 

(c) Barfoed’s test for monosaccharides 

(d) Osazone formation 

(e) Resorcinol-hydrochloric acid test for fructose 

(f) Mucic acid test for galactose 

(zg) Aniline acetate test for pentoses 

Hydrolysis of sucrose by acid 

(i) Fermentability of sugars 

Identification of unknown sugar 

Starch, occurrence, appearance, and iodine test 

(1) Hydrolysis of starch by acids 

Hydrolysis of starch by enzymes 

Dextrin 

(0) Quantitative determination of total sugars in foods 

Separation of pectin 

(q) Hydrolysis of pentosans 

(r) Hydrolysis of cellulose 

(s) Preparation of glycogen from fresh liver 


Lipids [(5), p. 361; (7), pp. 54-6; (8), pp. 109-11; (15), 
pp. 114-8; (22), pp. 21-3] 


(a) Solubility 

(b) Acrolein test 

(c) Emulsification 

(d) Saponification 

(e) Tests for unsaturated linkages with Hiibl’s iodine solu- 

tion and osmic acid 

(f) Preparation of lecithin from egg yolk 

(g) Extraction of lipids from sheep brain ‘ 
(1) Cholesterol 
(2) Phospholipids 
(3) Cerebrosides 


Proteins [(3), p. 110; (5), pp. 369-71; (8), pp. 113-7; 
(12), p. 163; (15), pp. 120-4; (21), pp. 528, 580-2; (22) 
pp. 26-7; (25), p. 151] 


(a) Color reactions 
(1) Xanthoproteic 
(2) Biuret 
(8) Millons 
(4) Hopkins-Cole 
(b) Precipitation with: 
(1) Strong acids 
(2) Heavy metal ions 
(3) Alkaloidal reagents 
(4) Alcohol 
(5) Salting out 
(c) Separation of gliadin and glutenin from wheat flour 
(d) Micro-Kjeldahl determination of protein in milk 


Foods [(3), pp. 140-2; (12), pp. 163-4; (22), pp. 32-3] 


(a) Separation of important constituents of milk 
(1) Casein 
(2) Fat 
(3) Lactose 
(4) Globulin 
(5) Albumin 
(b) Quantitative determination of phosphorus in corn 
flakes 
(c) Quantitative determination of calcium in cheese 


Salivary digestion [(3), pp. 150-6; (5), pp. 379-80; (12), 
pp. 169-70; (15), pp. 126-30; (17), pp. 103-4] 


(a) Reaction of saliva 
(b) Composition of saliva 
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Tests for: 
(1) Mucin 
(2) Protein 
(3) Carbohydrate 
(4) Chloride 
(5) Sulfate 
(6) Phosphate 
(7) Calcium 
(8) Nitrite 
(9) Thiocyanate 
(c) Preparation of mucin 
(d) Digestion of starch by ptyalin 
(e) Influence of conditions on ptyalin activity 
(1) Temperature 
(2) pH 


8. Gastric digestion [(3), pp. 158-60; (12), pp. 170-1; (15), 
pp. 130-2; (17), pp. 105-6; (25), p. 150]. 
(a) Products of peptic digestion 
(b) Effect of pH on peptic activity 
(c) Gastric rennin 


9. Pancreatic digestion [(3), p. 166; (15), pp. 1382-4; (17), pp. 
104-6; (22), pp. 23, 28]. Action of one per cent pancre- 
atin solution on fibrin, milk, and starch 

10. Blood [(3), pp. 174-80] 


(a) Tests 

(1) Guaiac acid 

(2) Benzidine 

(3) Hemin 
(b) Blood plasma and blood serum 
(c) Hemoglobin and oxyhemoglobin 
(d) Iron in blood 
(e) Hemolysis 


11. Determination of vitamin C in lemon juice, raw and cooked 
cabbage [(22), pp. 38-9] 


LITERATURE CITED 


(1) Apams, R., AND J. R. Jounson, “Elementary Laboratory 
Experiments in Organic Chemistry,” The Macmillan Co., 
New York, 1934. 

(2) ANDERSON, A. von K., “Essentials of Physiological Chem- 
istry,” 2nd Ed., John Wiley and Sons, Inc., New York, 
1939. 

[(3) Anpgrson, A. von K.., “Laboratory Experiments in Physio- 
logical Chemistry,’’ John Wiley and Sons, Inc., New 
York, 1936. 

(4) Battey, E. H. S., “Laboratory Experiments on Food 
Products,” The Blakiston Co., Philadelphia, 1915. 

(5) Beery, P. G., “Chemistry Applied to Home and Com- 
munity,” 2nd Ed., J. B. Lippincott Co., Philadelphia, 
1926. 

(6) Bevicuer, J. E., AND J. C. CoLBert, “Properties and Nu- 
merical Relationships of the Common Elements and 


JOURNAL OF CHEMICAL EDUCATION 


Compounds,” 2nd Ed., D. Appleton-Century Co., New 
York, 1934. 

(7) Bopansky, M., AND M. S. Fay, “Laboratory Manual of 
Physiological Chemistry,” 4th Ed., John Wiley and 
Sons, Inc., New York, 1938. 

(8) Bocert, L. J., ‘Chemical Laboratory Manual,” 2nd Ed., 
W. B. Saunders Co., Philadelphia, 1935. 

(9) Brix, H. C., “Experiments in Organic, Physiological and 
Food Chemistry,” Edwards Brothers, Inc., Ann Arbor, 


1936. 

(10) BurRELL, R. C., “Organic Chemistry,’’ McGraw-Hill Book 
Co., Inc., New York, 1936. 

(11) ‘‘Consumers’ Test Manual,’’ Consumers’ Research, Inc., 
Washington, N. J., 1937. 

(12) Cutver, G.E., anp T. A. Rocers, “Organic and Food 
Chemistry,” The Blakiston Co., Philadelphia, 1929. 

(13) Decerine, E. F., ‘The Tri-Service Manual of Laboratory 
Work in Organic Chemistry,’ John S. Swift Co, 
Indianapolis, 1937. 

(14) Demine, H. G., AND S. B. ARENSON, “‘Exercises in General 
Chemistry and Qualitative Analysis,” 8rd Ed., John 
Wiley and Sons, Inc., New York, 1930. 

(15) Francis, C. A., AnD E. C. Morss, “‘Laboratory Manual to 
Accompany Fundamentals of Chemistry and Applica- 
tions,’’ The Macmillan Co., New York, 1940. 

(16) Horxins, B. S., AnD M. J. Copiey, “‘Laboratory Exercises 
and Problems in General Chemistry,” 3rd Ed., D. C. 
Heath and Co., New York, 1937. 

(17) Jongs, M. E., “‘A Laboratory Study of Household Chem- 
istry,’’ Allyn and Bacon, Boston, 1921. 

(18) MacLeop, A. L., anp E. H. Nason, ‘“‘Chemistry and Cook- 
— 2nd Ed., McGraw-Hill Book Co., Inc., New York, 
193 


(19) Naytor, N. M., anp A. M. LE VESconte, “Introductory 
Chemistry with Household Applications,’’ D. Appleton- 
Century Co., New York, 1933. 

(20) Naytor, N. M., anp A. M. LE VEsconte, ‘Laboratory 
Exercises for Introductory Chemistry with Household 
Applications,” D. Appleton-Century Co., New York, 1933. 

(21) Peters, J. P., AND D. VAN SLYKE, “Quantitative Clinical 
Chemistry,” Vol. II, Williams and Wilkins Company, 
Baltimore, 1932. 

(22) Peterson, W. H., anp F. M. Strone, “A Laboratory 
Manual of Food Biochemistry,” John S. Swift Co., Inc., 
St. Louis, 1939. 

(23) SNELL, J. F., “Elementary Household Chemistry,’ The 
Macmillan Co., New York, 1930. 

(24) “The Science Leaflet,” 2nd summer Ed., Pennsylvania 
State College, 1936. 

(25) Vutte, H. T., “Household Chemistry,” The Chemical 
Publishing Co., Easton, Pa., 1920. 

(26) WerRTHEIM, E., ‘A Laboratory Guide for Organic Chemis- 
try,’ 2nd Ed., The Blakiston Co., Philadelphia, 1940. 

(27) Woopmay, A. G., “Food Analysis,” 3rd Ed., McGraw-Hill 
Book Co., Inc., New York, 1931. 

(28) Youn, L. E., AND C. W. Portsr, “Laboratory Manual for 
General Chemistry,” Prentice-Hall, Inc., New York, 
1941. 


OPERATION PLUTO 


In one of the war’s unbelievable engineering feats, 20 three-inch pipelines were laid 
under the English Channel soon after D-day to supply gasoline to the Allied armies on 


the Continent. 


The project, called Operation Pluto, meaning ‘‘Pipelines Under the Ocean,” guaran- 
teed uninterrupted delivery of bulk petroleum by a means safe from air, surface or sub- 
marine attack. Laying of the lines entailed the use of gigantic floating ‘“‘bobbins’’ 
around which miles of flexible pipe were wound. As the huge spools were towed across 
the Channel the pipe was unwound and laid in place. 

Since early last fall these lines have pumped an average of a million gallons a day 


to the Continent. 


They are still in use and will continue for an indefinite period to 


supply the armies of occupation and the liberated countries, thus releasing oil tankers 
and other transports for use in the Pacific. 
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Why Students Leave College 


Editor's Note: 


The following was submitted by a correspondent who remains 


anonymous: We commend it to such consideration as it merits, thinking that it has 


a bearing on the title. 


CENE: The science lecture room in ANY Uni- 
= versity. Dr. A. Dubb, a brilliant young research 
scientist and recent Ph.G. from SUM College, is meet- 
ing his beginning class for the first time. Registration 
forms have been completed, the notebooks are open, 
the genial doctor mounts the rostrum. 


LISTEN: 

_“Our lecture this morning will consider the subject 
of ‘Dithers’ and the particular question, ‘How many 
dithers are there in a fussbudget?’ Dithers are very 
widespread in occurrence. Our environment subjects 
us to dithers in one form or another from birth, and 
our continued physical and mental existence depends 
upon an intimate relationship between the metabolic 
processes which take place within the human organism 
utilizing the dithers which come from the external 
world. Ditheration, or, as the phenomenon is more 
popularly called, ‘dithering,’ is widespread; but to 
appreciate fully its fundamental importance, we must 
first examine more fully the nature of dithers. 

“The early workers in this field had quite an er- 
roneous idea of the dither, but through the efforts of a 
few distinguished scientists our knowledge has grown 
until now almost every child knows that every Dag- 
wood has its ‘Dithers.’ It was late in 1783 that the 
distinguished Dr. Anon astounded the scientific world 
by his announcement of the then-revolutionary hy- 
pothesis which still bears his name. In simple lang- 
uage he said, ‘Dithers always come in pairs.’ Now 
dithers have never been observed individually, but 
only in considerable numbers, and since one dither is 
almost exactly like every other dither, it is not easy to 
see why they should come in pairs. Today we know 
that dithers are more complex in structure than was 


originally supposed, being composed of splugs and 


nopes. This topic is far too complex for us to go into 
this morning, but suffice it to say (and we shall further 


explore this fascinating subject in a later lecture) it is 


the attraction between the nopes of the dithers which 
holds them in pairs except, of course, in the case when 
three dithers are associated in a reactive, unstable 
union which we call trithers. 

“But getting back to the subject of this discussion, 
we find that when fussbudgets become heated, they 
tend to liberate dithers. Experimentally it was observed 
that a small quantity of ‘ism’ added to a portion of the 
common fussbudgetum (material composed entirely 
of fussbudgets) would bring about an extraordinary 
rate of liberation of dithers. The fussbudgét does-not 
become so heated, but complete liberation of all the 


-dithers contained in the fussbudget is quickly brought 
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about. It is of particular interest to note that the 
ism remains unchanged after all this and can be used 
again on a fresh portion of fussbudgetum with equally 
striking results.” 

Question by student: ‘‘Is anything left of the fuss- 
budget when the dithers have been liberated ?”’ 

“A very pertinent question indeed, and I am pleased 
to note that you are asking questions from the floor. 
When the available dithers have been completely re- 
moved from the fussbudgetum and the unchanged 
ism recovered for further use, it is found that the fuss- 
budgets have been permanently changed. The resid- 
uum no longer behaves like a fussbudget. When 
subjected to the proper environmental conditions, it 
was found by Erisipilas that the residuum gave frowns 
and smiles in equal numbers. Under different en- 
vironmental conditions, the frowns and smiles seemed 
to counteract each other, and the product had none of 
the characteristics of either smiles,or frowns. This 
entire topic will be discussed in detail when we take up 
the study of smogersis. Does this cover your question 
adequately? 

“Naturally we are interested in how many dithers 
we can get from a fussbudget, so, in the interests of 
precise scientific phraseology, let us define a wrinkle 
as 1/100 part of the weight of a dither. It is then 
found experimentally that the relative weights of the 
fussbudget and the residuum are 766 and 466, respec- 
tively, and of the frown and smile 244 and 222. These 
relative weights enable us to determine how many 
dithers are present in a single fussbudget. However, 
the wrinkle is too small a quantity for practical pur- 
poses, so instead we use the mug wrinkle except when 
we have, as is the case with dithers, an association of 
two or more, when we call the basic group the leke, and 
speak commonly of a mug leke. 

“T see that our time is almost up, but I hope this brief 
introduction will clarify the following problems which 
should trouble you little after our lecture this morning. 
The topic for our next meeting will be ‘Dithering.’ 
Ten minutes will be allowed for these questions. 

‘1 (25 points). Using the characters S for smile, 
Fr for frown, and D for dithers, write a simple sym- 
bolized equation which will represent the production 
of dithers from fussbudgets. Note: the ism is not com- 
monly included in this type of equation. Do not for- 
get that dithers in the free state come in pairs. 

“2. Calculate the mug lekes of dithers produced 
from 720 wrinkles of fussbudgets. Assume the dithers 
to be under normal conditions. If you cannot answer 
this question, state what additional data are needed.” 








Here and There in the Trade Literature 


HAT does sea water have to do with gasoline? 

“Twenty gallons of sea water for each gallon of 
gasoline,” in the October Ethyl News (Ethyl Corpora- 
tion, 405 Lexington Ave., New York 17) will tell you. 
A side-line in the same number is ‘“‘Did Columbus miss 
the boat?’ According to this article, ‘““Everybody 
knows where Columbus was going when he set sail— 
but maybe he wasn’t headed there at all.” 


For real serious consumption 1s ‘“The numbers in our 
notebooks,” in the September Interchemical Review 
(Research Laboratories of Interchemical Corporation, 
432 W. 45th St., New York). It discusses the prob- 
lems which arise in calculating data and drawing con- 
clusions from laboratory experiments and might well 
be assigned reading for students of chemistry. Some 
of the subheads will show its value: decimal fractions; 
measuring numbers; significant figures; large and 
small numbers; rounding off; propagation of errors; 
precision. 


“The fascinating story of cold light’ is told in the 
October Du Pont Magazine (E. I. du Pont de Nemours 
& Company, Wilmington, Delaware). It concerns 
phosphors, television, etc. Color conditioning, par- 
ticularly its use in industry, is another feature, also an 
article on the use of the seismograph in oil prospecting, 
and another on the “‘sunstill,’’ an extraordinary device 
in which sea water is evaporated from black cellulose 
sponges by the sun’s heat and condensed for drinking 
purposes. 


Two articles of chemical interest in the September 
Shell News (Shell Oil Company, 50 West 50th St., 
New York) are: ‘The remarkable allyls,’’ which, 
among their many achievements, aid in the manufacture 
of plastics from petroleum; and “Atomic bombs,”’ 
a brief account for popular consumption. 


From the October Westinghouse Newsfront (Westing- 
house Electric & Manufacturing Co., Pittsburgh, 
Pennsylvania) we quote the following: 


ON THE BEAM 


What are the raw materials that make up this piece of plastic? 
How much of each is present and in what proportion? What is 
the molecular pattern of this sample of oil? Are there any im- 
purities and in what percentage? 

Questions like these, of vital importance to the oil, chemical, 
and plastics industries, have always been difficult to answer. 
To analyze an oil sample by ordinary chemical methods, for ex- 
ample, may take a crew of six technicians eight hours. And the 
results are not always as accurate as desired. 

Enter now the infrared spectroscope with its invisible beam 
of light that “‘fingerprints” each component of the material and 
performs the job many times faster and more accurately than any 
previous method. A specially designed version of this most 
modern of spectroscopes has been developed by Dr. Donald K. 
Coles, young physicist at the Westinghouse Research Labora- 
tories. 

To analyze a material—either liquid, solid, or in solution—Dr. 


Coles places a sample in a special holder and directs through it a 
beam of infrared light which he produces by heating a silicon- 
carbide rod to an incandescent glow. Highly polished mirrors 
and special prisms guide the light along a thirty-foot-long, zig- 
zag path to highly sensitive receivers that convert the light into 
electrical current, amplify it, and record the information with an 
electronic pen on a chart outside the machine. 

The infrared spectroscope depends for its speed and accuracy 
of analysis on the fact that the molecules that make up all matter 
vibrate at certain characteristic frequencies—millions or even 
billions of times a second. The spectroscope quickly ferrets out 
this frequency by ‘‘tuning’’ the frequency of the infrared beam to 
that of the material under study—just as you tune your radio 
set to the frequency of the station you want. When the two 
vibrations coincide, the material absorbs the infrared beam and 
this fact is recorded on the chart by a moving pen. Dr. Coles 
then matches this frequency against a standard previously deter- 
mined, and thus identifies the material as accurately as finger 
prints reveal human identity. Any impurities are instantly 
detected. 

Not only will the infrared spectroscope prove valuable in its 
practical applications to industrial processes, but as a pure re- 
search tool it should enable scientists to uncover hitherto un- 
known facts about molecular structures, and thus provide funda- 
mental data of a kind that led to the development of the X-ray, 
radar, and atom splitting. 


In Vol. 19, No. 7, of Clinical Excerpts (Winthrop 
Chemical Company, 170 Varick St., New York 13) is 
an interesting account of the way in which the proper- 
ties of aluminum hydroxide gel are put to use in the 
administration of penicillin. The latter is rapidly de- 
stroyed by the acidity of the stomach when it is in- 
gested orally. By combining it with aluminum hy- 
droxide, however, the latter not only neutralizes the 
stomach acidity, but also adsorbs the penicillin, re- 
leasing it only slowly. The two effects increase the 
potency of penicillin considerably when administered 
by mouth. 


The September number of the Howe and French Tech- 
nical Announcer (99 Broad St., Boston 10, Massa- 
chusetts) carries a short description of the making of 
nylon. 


Dr. C. R. Addinall, who has been a contributor to 
THIS JOURNAL, has an outstanding article on strepto- 
mycin in the October Merck Report (Merck & Company, 
Inc., Rahway, New Jersey). Elsewhere is a general 
account of the theory and practical applications of pH 
and buffered solutions. 


Another account of streptomycin, described as the 
complement to penicillin, is to be found in the Septem- 
ber number of the Abbott Laboratories’ What's New 
(Abbott Laboratories, North Chicago, Illinois). Also 
in the same number, under the title ‘Tailor-made 
molecules,” is an interesting account of synthetic or- 
ganic chemistry, especially as it concerns ephedrine 
and its close relatives. 


“The utilization of natural gas’ is described in the 
September Natural Gasser (Warren Petroleum Cor- 
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poration, Tulsa 2, Oklahoma), as well as a little of the 
history and development of butyl rubber. 


The Nutritional Observatory (H. J. Heinz Company, 
Pittsburgh 12, Pennsylvania) for September further 
discusses the nutritive value of fruits, this time the 
citrus and related classes. It is a safe bet that you 
never heard of all the kinds of citrus fruits here de- 
scribed, to say nothing of their value in the diet. 


Three articles on flax and hemp with considerable 
historical emphasis in the Ciba Review (Ciba Company, 
627 Greenwich St., New York) No. 49 will interest all 
concerned with textile development. 


The October Silicate P’s and Q’s (Philadelphia 
Quartz Company, 121 S. Third St., Philadelphia, Penn- 
sylvania) brings up again the wartime policy of strip- 
ping the country of its technical personnel. After 
pointing out that our country was more short-sighted 
than any other in this respect, it goes on to suggest: 


Perhaps we should petition the powers that be to establish a 
reverse lend-lease scheme whereby we might borrow chemists 
from our allies who had the native intelligence to recognize that 
in a technological world it is fatal to exhaust the supply of tech- 
nologists. (Those countries obviously knew the tale of the goose 
that laid the golden egg.) 


“‘Wood becomes super-wood”’ in the October Crown 
(Crown Cork & Seal Company, Box 1837, Baltimore 3, 
Maryland). It is ‘“Compreg,’’ of course, that is de- 
scribed here, but it is an unusual description of the 
properties and uses of this material. Other aspects 
of the chemistry of wood come into the picture also. 
“The chemist’s page” in this number is concerned 
with the minerals in water supplies and their relation 
to the manufacture and uses of beverages. 


From the September Aminco Laboratory News 
(American Instrument Company, 8030-8050 Georgia 
Ave., Silver Spring, Maryland) we quote the following: 


Gold films of ultramicroscopic thinness (only about eight Ang- 
strom units thick) ‘‘cast’’ over solidified protein particles that are 
the essence of a virus disease of plants, are helping scientists 
using the electron microscope to get a better idea of the size and 
shape of these particles, which are beyond the direct reach of the 
human eye even when looking through the most powerful lenses. 
The new method was worked out at the University of Michigan 
by Drs. Robley C. Williams and Ralph W. G. Wyckoff. 

Objects less than one light wave length in diameter cannot be 
made visible in the ordinary microscope because they are unable 
to stop or turn aside light waves, but they can be photographed 
when streams of magnetically focused electrons are substituted 
for beams of light. However, it is often advantageous to study, 
not the objects themselves, but ‘‘casts’’ formed by depositing 
some durable material over them. To get these ‘‘castings,”’ 
Drs. Williams and Wyckoff place a drop of watery suspension 


containing a virus on a chemically clean glass slide, place it in a 


vacuum chamber in which a small bit of gold is electrically 
heated until it goes past its melting point and becomes a vapor. 
Some of this evaporated gold falls on the glass and solidifies into a 


-very thin film, and where the gold falls on the virus protein par- 


s 


It’s better to make new mistakes than to repeat the old ones over and over again. 
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ticles, minute hollows are formed with every detail of the par- 
ticle structure faithfully reproduced in negative: . : 

Since a gold film only eight ‘Angstroms thick cannot be seen 
and cannot be picked up directly, the slide is coated with col- 
lodion, to which the thin gold firmly adheres. This collodion 
film is stripped off the plate and placed on the stage of the elec- 
tron microscope. By such devious methods a likeness of the 
invisible virus particles, faithful in its details as a sculptor’s 
mask, is finally obtained and gotten into position where the 
searching beams of the electron microscope can make shadow 
photographs. 


The August number of Lubrication (Texas Company, 
135 E. 42nd St., New York 17) continues with the sec- 
ond part of a serial discussion of the properties and 
production of greases—with color illustrations. 


A periodical of unusual interest to the practical or- 
ganic chemist is the September number of Sguibb 
Memoranda (E. R. Squibb & Sons, 745 Fifth Ave., 
New York), with discussions of products isolated from 
crude curare, the chemistry of digitoxin, and the de- 
laying of the action of penicillin by combining it with 
beeswax. 


A good general article on synthetic organic chemistry 
in its simpler aspects, can be found in the October 
Lion Oil News (Lion Oil Company, El Dorado, Ar- 
kansas). “By juggling the atoms of refinery and 
natural gases the magic of chemistry is opening new 
horizons, creating new wealth, new products, and new 
opportunities for all mankind.” 


A little more on penicillin in the Process Industries 
Cuarterly, Vol. 8, No. 4 (International Nickel Com- 
pany, 67 Wall Street, New York). 


A new one which has come to us is the Paper Maker, 
No. 2, 1945, which we have just received (Paper 
Makers’ Department, Hercules Powder Company, Wil- 
mington, Delaware). It is an unusually good printing 
job, and this number has interesting information on the 
history of paper terms and paper manufacture. 


We quote the following from The Research Viewpoint 
(G. J. Esselen, Inc., 857 Boylston St., Boston, Massa- 
chusetts) : 


No more striking statement has appeared in the public prints 
for a long time than the headline of an advertisement by Celanese 
Corporation of America: Radio was there all the time. 

Expanding on this idea, the advertisement says: ‘‘Laymen 
pause occasionally in their enjoyment of the radio to voice their 
continual amazement at the marvels of this great invention. 
But management executives, charged with the development of 
business, reflect upon the one basic fact: from the beginning of 
time, Nature made available all the individual factors which made 
radio possible. It was man’s job to find the key that would de- 
velop an industry for the service of humanity.” 

Woven into the design of a tapestry which hangs in our office is 
a legend reading, ‘‘Our destiny is not to create but unveil.” 
This is another way of saying the same thing: that the great 
discoveries of tomorrow and the day after were ‘“‘there all the 
time,”’ waiting to be unveiled by the scientist. 





(Right) RADAR SETS SMALL BUT MIGHTY. 
The man is adjusting the rate at which 
impulses are sent out by the small but 
powerful radar set. At the left is the re- 
flector which ‘‘beams”’ the impulses. 


(Below) RaDAR WAVES BouUNCE BACK 
WHEN THEY STRIKE AN OBJECT. 
Beamed from the reflector at center to a 
piece of metal held by the man at the 
left, the waves are reflected to the 
fluorescent tube held in the hand of the 
man at the right, causing the tube to 
light although it is not attached to an 
electrical circuit. The dotted line indi- 
cates the path of the radar waves. 
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3 (Below) RaparR ImpuLses Licut LAmp. 
A fluorescent tube is lighted solely by the 
unseen electronic impulses. 








(Photographs, courtesy of Westinghouse) 








(Left) RADAR IMPULSES SET STEEL Woot AFIRE. Potency of 
radar waves is shown by igniting steel wool close to the emitter. 
As the beam leaves the tube at the speed of 186,000 miles a 
second, it can race on for many miles to reveal the presence of 
enemy ships or planes when it bounces against them. By 
changing the position of the metal tube the radar waves can be 
sent in any desired direction. 
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Ammonium Nitrate from War to Peace 





C. KENNETH HORNER 


Department of Commerce, Washington, D. C. 


THE Biblical admonition to beat swords into plowshares and 
spears into pruning hooks can be said to have been carried out in 
the case of many implements of warfare. One of these is the 
chemical, ammonium nitrate, an important ingredient of mili- 
tary and industrial explosives and useful also as a fertilizer. 
Although these uses were all known for many years, it was dur- 
ing the war just ended that a new ammonium nitrate fertilizer 
product was developed. 

Ammonium nitrate is made chiefly from synthetic ammonia 
by oxidation to nitric acid, and then neutralizing the acid with 
more ammonia. The product from these reactions is in solution, 
and after a process of concentration and graining is obtained as a 
white salt with a Jekyll and Hyde complex. For example, it is 
a powerful explosive when mixed with certain materials, but 
under ordinary conditions and when pure, it is relatively safe and 
difficult to detonate. It contains 35 per cent nitrogen, which is 
in two forms, and both readily available as plant nutrients; but 
it is very hydroscopic, taking up moisture from the atmosphere 
and caking so that it cannot be handled in ordinary fertilizer 
equipment. 

The use of ammonium nitrate in explosives was patented in 
Sweden as early as 1867. Developments in the field of industrial 
explosives followed, and in 1879 Nobel patented a dynamite using 
ammonium nitrate as a partial replacement of the customary 
nitroglycerin. The ammonium nitrate explosives are safer to 


handle than many others, and have found extensive application 


in the United States as a constituent of dynamites and ‘‘permis- 


sibles’’—explosives approved by the Bureau of Mines as safe for 
blasting in gaseous and dusty mines. 
and other industrial high explosives and the quantity of am- 
monium nitrate consumed therein are given in the accompanying 
table for the period 1935-43. The ratio of ammonium nitrate 


Production of permissibles 


UNITED STATES PRODUCTION OF INDUSTRIAL EXPLOSIVES AND CONSUMPTION 
or AMMONIUM NITRATE 


[In short tons] 


Ammonium nitrate 


Production consumed 

Other In other 

Permis- high ex- In per- high ex- 

Year sibles plosives missibles plosives 
1935 19,585 100,162 13,813 10,676 
1936 23,930 131,024 15,656 13,966 
1937 24,790 144,462 16,218 15,399 
1938 20,930 119,288 13,709 12,693 
1939 24,975 139,125 16,359 14,803 
1940 29,218 152,590 19,138 16,236 
1941 35,306 175,929 23,126 18,719 
1942 42,011 179,849 27,518 19,136 
1943 46,328 169,287 30,345 18,012 


Source: Bureau of Mines, U. S. Department of the Interior. 


consumed to explosives produced has been quite constant—65- 
70 per cent for the permissibles, and 10-11 per cent for the others. 


The Bureau of the Census reported production for the sale of 


ammonium nitrate in 1935, 1937, and 1939 at 12,649 tons, 22,780 
tons, and 25,968 tons, respectively. The discrepancy between 
production and consumption can be attributed to the fact that 
ammonium nitrate is produced largely in powder plants, where 
it is consumed in the same plant for manufacture of explosives. 
It is believed that consumption in explosives accounted for 
most of the prewar output in the United States. 
pure product averaged only about 2000 tons annually before 
the war. Ammonium nitrate is used also for makiyg nitrous 
oxide—laughing gas—but such consumption is comparatively 
small. 


Imports of the 


Despite its known value as a plant food, little of the domestic 
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output was utilized in fertilizers before 1935. In that year one 
of the nitrogen producers put on the market a solution of am- 
monium nitrate and ammonia for use in ammoniating super- 
phosphate and introducing nitrogen into fertilizer mixtures. 
This material, containing about 60 per cent ammonium nitrate, 
found acceptance in the industry, and usage has grown. 

In several European countries, however, utilization of am- 
monium nitrate as a fertilizer was sought soon after World 
War I. Developments took shape in the form of various dry 
mixtures with limestone, dolomite, gypsum, ammonium sulfate, 
and other such ingredients. These mixtures contain up to 60 
per cent ammonium nitrate; the other ingredients serve to 
keep the product in relatively good condition and eliminate prac- 
tically all explosive hazard. 

Considerable quantities have been used in Europe and ex- 
ported. The United States imported increasing amounts, chiefly 
from Norway, which averaged about 75,000 tons a year during 
1937-39, and then the war eliminated such imports. No mix- 
tures of these types were produced in this country until recent 
years when output of a limestone-ammonium nitrate mixture 
was initiated on a small scale. 

Although the atomic bomb may seriously affect the position of 
nitrogen as the basis of military explosives, nitrogen was still 
paramount in World War II. Ammonium nitrate was but one 
of the many forms of nitrogen consumed by the ravenous war 
machine. In World War I it was employed to a large extent in 
combination with TNT in amatol for shells and bombs. Many 
of the same type of explosives used then were also used in this 
last war, and other more powerful types using other forms of 
nitrogen were developed. 

To supply the tremendous requirements of fixed nitrogen for 
modern warfare, our capacity for manufacture of synthetic 
ammonia had to be greatly expanded. This was accomplished 
chiefly by the construction of new plants financed by the Govern- 
ment. These plants, completed in 1942 and 1943, have a total 
capacity somewhat greater than the existing private facilities. 

During the period of construction of the government’s am- 
monia plants, some pinch was felt in the over-all nitrogen supply, 
particularly by the fertilizer industry. At a time when we were 
called upon to grow more food crops and the farm labor supply 
was declining, greater quantities of fertilizer were needed. In 
1942, 10,009,000 tons of fertilizer were consumed compared 
with 9,241,000 tons in 1941, but the nitrogen content was only 
398,000 tons against 453,000 tons in the previous year. 

By the time the plants were completed, the ever-changing war 
situation had indicated that all of the projected capacity would 
not be required to supply nitrogen for munitions. Efforts were 
immediately initiated, therefore, to make up some of the de- 
ficiency in nitrogen for agriculture from this surplus. However, 
many unfavorable factors prevented a simple solution to this 
problem. The surplus nitrogen was for the most part in the form 
of anhydrous ammonia, which has limited application as such in 
fertilizers. Sodium nitrate and ammonium sulfate are the 
forms used most widely by agriculture, but it did not appear feas- 
ible to expand output of these compounds. 

With the facilities available it was decided that ammonium 
nitrate could most readily be dispensed to the farmer both for 
direct application and for use in mixed fertilizers. It was de- 
sired, however, to give the farmers a high-analysis material 
instead of the low-grade mixtures. Therefore, ammonium nitrate 
was delivered to the farmers in the spring of 1943 from several 
ordnance and industrial plants in the United States and Canada, 
but it proved unsatisfactory. It absorbed so much moisture 
under humid conditions and caked so badly it could not be ap- 
plied with the ordinary fertilizer drill. 
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Many of the government plants have no facilities for making 
ammonium nitrate, its manufacture being confined largely to 
powder and shell-loading establishments. But the Tennessee 
Valley Authority at Wilson Dam, Alabama, besides construct- 
ing a new synthetic ammonia plant at the beginning of the war, 
also modernized one of the old nitrate plants remaining from 
World War I and began large-scale production of ammonium ni- 
trate in August, 1942. 

With the lessening of military requirements in 1943, TVA’s 
output largely was made available for agriculture. When the 
product was found to be so unsuitable for fertilizer 1° the De- 
partment of Agriculture undertook a research pro’-<t t » improve 
the material. TVA and private producers in t! - United States 
and Canada cooperated. 

The research soon yielded results. The m: rial is prepared 
by a special graining or drilling process to give larger particles, 
and then mixed with 3 to 5 per cent of a suitable conditioning 
agent, such as tricalcium phosphate, kieselguhr, plaster of Paris, 
and kaolin or other form of clay. The tendency of the ammo- 
nium nitrate to take up moisture is thus greatly reduced. 

When the product is to be used in very humid regions, it ap- 
peared advisable to treat it also with 0.5 to 1 per cent of a water 
repellent, such as mixtures of paraffin with petrolatum or asphal- 
tum and of petrolatum and paraffin with asphaltum or rosin. 
Such conditioned ammonium nitrate, when packed in water- 
proof bags, burlap, or multiwall paper bags lined with asphalt, 
is reported to remain in good condition in storage for a year in the 
most humid sections of the country. 

During the 1943-44 fertilizer year approximately 300,000 
tons of ammonium nitrate were consumed by agriculture, largely 
for direct application. This is equivalent to almost 100,000 
tons of nitrogen, or about 16 per cent of the total nitrogen avail- 
able for fertilizer during the year. In tonnage, only the consump- 
tion of sodium nitrate and ammonium sulfate among the nitroge- 
nous fertilizer materials exceeded that of ammonium nitrate. 
Of the 300,000 tons, about 130,000 tons were produced by TVA, 
117,000 tons were imported from Canada, and the remainder 
was made available from Ordnance and private output. 

Less ammonium nitrate could be allotted for fertilizer during 
the year ended June 30, 1945. The final but futile effort of the 
Nazis last winter put a heavier call on nitrogen for munitions so 
that conversion of ordnance and TVA ammonia into condi- 
tioned ammonium nitrate was greatly curtailed during the heavy 
spring season of fertilizer consumption. However, imports from 
Canada averaged about the same as during the preceding year. 
V-E day lightened the military requirements for nitrogen, and in- 
creased supplies from domestic sources again became available. 

Now that hostilities have ceased what is the postwar outlook for 
ammonium nitrate fertilizer? This question is uppermost in the 
minds of the members of the fertilizer industry and the answer is 
not immediately forthcoming. It appears that the new am- 
monium nitrate product will meet with increasing enthusiasm 
since farmers who used it during the war under necessity report 
that they found it satisfactory. 

The original conditioned product was guaranteed to contain 
32.5 per cent nitrogen (93 per cent ammonium nitrate), but early 
in 1945 the Canadian producers put on the market a 33.5 per cent 
grade equivalent to almost 96 per cent ammonium nitrate. With 
the exception of urea, no other nitrogenous fertilizer on the 
market is so high in nitrogen. 

The economies in production and transportation are apparent. 
The ammonium nitrate proper is manufactured from synthetic 
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ammonia without additional raw materials, and the plant food 
value is enhanced by having the nitrogen partly in the ammonia 
or reduced form and partly in the nitrate or oxidized form. Tests 
have shown that if a few safety precautions are taken, ammonium 
nitrate fertilizers possess no more explosive hazards than those 
containing sodium nitrate. 

Before the war, fertilizer consumption accounted for approxi- 
mately two-thirds of the synthetic and by-product nitrogen pro- 
duced. While increased industrial use of ammonia and deriva- 
tives compared with prewar consumption is foreseen, fertilizer 
use will remain the predominant peacetime outlet. The annual 
prewar consumption of nitrogen amounted to about 400,000 
tons for fertilizer and 175,000 tons for industry. The heavy 
wartime demand for fertilizers stimulated greatly the use of 
nitrogen for this purpose, reaching a tonnage of approximately 
600,000 tons in 1944. 

The Department of Agriculture has recommended the use of 
1,100,000 tons of nitrogen annually if the needs of the soil are to 
be properly cared for. Usage of this magnitude will depend ona 
high level of farm income. The above agency foresees that, even 
under the most favorable conditions, the farmer will not use more 
than 900,000 tons of nitrogen annually in the near future, and if 
economic conditions prove less favorable, consumption might 
be of the order of 500,000 to 750,000 tons. Industrial consump- 
tion would probably account for no more than 290,000 tons. 
Thus, the most optimistic outlook, which many authorities be- 
lieve is much too high, proposes a total annual peacetime con- 
sumption of 1,190,000 tons. 

It is estimated that private synthetic and by-product ammonia 
plants are capable of turning out approximately 700,000 tons of 
nitrogen and the government plants some 750,000 tons. This 
combined capacity is therefore considerably in excess of prospec- 
tive utilization. A greater export trade in nitrogenous products 
would be to our advantage, but this outlet does not appear likely 
to account for a very substantial share of total production. 
Estimates indicate that the nitrogen content of fertilizers and 
chemicals exported has never exceeded 50,000 tons in any one 
year. The Department of Agriculture proposes a conversion of 
40 per cent of the ordnance ammonia capacity to fertilizer and 
other peacetime products as sufficient to supplement output of 
existing private plants. 

Imports of nitrogenous fertilizers have always been of major 
significance in the over-all supply. Especially during the war, 
if it had not been for sodium nitrate from Chile and various 
synthetic products—such as ammonium nitrate, ammonium sul- 
fate, and calcium cyanamide—from Canada, agriculture would 
have been far short of nitrogen. Although the United States 
could be entirely independent of foreign sources of supply, it is 
not likely that all importation of nitrogenous materials will cease. 
Chile will continue to seek markets for nitrates in the United 
States, and Canada and various European countries will prob- 
ably have surpluses of synthetic nitrogen. 

The ultimate disposal of the government ammonia plants is 
not known. Various possibilities exist. They may be sold or 
leased to industry for conversion to manufacture of ammonium 
nitrate fertilizer or other materials; the government may con- 
tinue to operate some of them; they may be kept in stand-by 
condition for military emergency; or they may be dismantled. 
One or more of these plans may be followed depending on the 
plant, but at the time of this writing, no definite policy of dis- 
posal has been announced.—Reprinted from Domestic Commerce 
(October, 1945) 


Bk Ts MERRY CHRISTMAS MMM 




















TION 


t food 
monia 
Tests 
ynium 
those 


proxi- 
1 pro- 
eriva- 
ilizer 
nnual 
0,000 
leavy 
se of 
ately 


se of 
ire to 
ona 
even 
more 
nd if 
light 
imp- 
tons. 
s be- 
con- 


onia 
is of 
This 
spec- 
lucts 
kely 
tion. 
and 
one 
n of 
and 
it of 


ajor 
war, 
ious 
sul- 
nuld 
ates 
it is 
ase. 
ited 
‘Ob- 











The Gram-molecular Volume Slide-box 


GEORGE W. JOSTEN 
Pasadena Junior College, Pasadena, California 


OR some time visual aids and demonstrations 

have been regularly employed in the teaching of 
the various gas laws. Some teachers have constructed 
boxes whose external dimensions represent the gram- 
molecular volume of 22.4 liters. Others have tried to 
show how this volume increases as the temperature 
changes from standard conditions to other conditions, 
such as room temperature and pressure. 

Boxes usually so constructed took the cubical shape 
with all sides the same, 11 inches in length. But we 
have abandoned this shape in favor of tetragonal axes 
so that a movable slide-box may simulate increases in 
volume by moving in a vertical direction. The square 
base of this kind of box is 20 cm. on a side and requires 
a height of 56 cm. in order to show 22.4 liters of volume. 
Another box is fastened to the lid inside the box, and 
is as long as the outer box so that as much as double 
volume may be represented for giving the temperature 
of 273°C. at its extreme extension. Temperatures in 
between, such as 20° and 100°, are indicated on the 
slide. But the slide-box may be set at any level, the 


total height measured, and the temperature correspond- 
ing to it estimated by Charles’ law. Contrariwise, 
temperature may be chosen and the height of the box 
calculated and set. 

Next, the ieft side of the box may be exposed to show 
2 grams of hydrogen written there. The weight of the 


mol of hydrogen occupies this volume. Likewise, other 
mols such as He, Ne, O3, CH, C2H2, occupy this same 
volume at 0°C. The mol can then be shown to expand 
to 100°, for example, and made to return to standard 
without loss of molecules. 

The right side is exposed to show that for hydrogen 
two equivalents of the gas occupy this same volume. 
Of course, half of it, or 11.2 liters, would correspond to 
1 equivalent of this gas. Also the 2 equivalents of the 
hydrogen gas are expanded in the same way as the 22.4 
liters by using the slide. This emphasizes the idea of 
the equivalent volume expanding and contracting. 

Lastly the rear side with 6 molecules indicated on it 
may be shown and Avogadro’s number explained for 
this same mol of gas. As the slide is drawn out to its 
limit, half the original molecules are now found to 
occupy the new volume and half the old. One sees 
where they had been and the holes are useful to take 
the corks which hold the slide-box at various levels. 
The slide is returned to 0° and the 6 X 10?* molecules 
are back in 22.4 liters. 

By using two or more slide-boxes one may illustrate 
Gay-Lussac’s law of combining volumes by tagging 
one for Cl, and making two gram-molecular volumes of 
HCl. The box might also assist in explaining Boyle’s 
law after actual demonstration on an enclosed gas 
volume. 
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LETTERS 


To the Editor: 

The paper of VanderWerf, Davidson, and Sisler! 
is the kind of paper which most readers of the JOURNAL 
OF CHEMICAL EpDuCATION like best. It is carefully pre- 
pared, well written, interesting, and concerns a subject 
of interest to every chemist. Equations expressing 
oxidation-reduction reactions are the hardest ones that 
the beginner is asked to balance. He wants to know the 
easiest and best way to accomplish this, and the teacher 
wants to know the best way to teach the trick. The 
analytical chemist and the research worker also come 
in frequent contact with oxidation-reduction reactions 
and, in many cases, have to know how to balance the 
equations representing the reactions in order to arrive 
at the correct results obtained by chemical analysis. 
The fact that some of us cannot entirely agree with 
some of the findings of the paper does not detract from 
our interest. In the following discussion, footnotes 
will refer to the original statements in the paper. 

History. The method of balancing equations of 
oxidation-reduction equations, based on the Berzelius 
theory that salts are combinations of positive oxides 
with negative oxides, was taught quite generally 
many, many years ago’ and is still beloved by some 
good teachers although many experiments with classes 
of beginners have shown that the “valence change’ 
doctrine is much easier to teach and is far more useful. 
It is not entirely clear where and when the revolt against 
the “antiquated and cumbersome”’ method started, but 
in 1882 O. C. Johnson of the University of Michigan 
wrote an appendix to a popular book, which later was 
published under the authorship of Prescott and John- 
son, in which the doctrine of negative valence was set 
forth. In a 1933 edition of the same book, McAlpine 
and Soule keep this chapter still at the end of the book. 
Before the end of the 19th century, thousands of stu- 
dents had been taught to balance oxidation-reduction 
equations by means of Johnson’s theory of ‘‘negative”’ 
valence. If one reads what Johnson wrote in 1882, he 
cannot but realize that Johnson’s idea of a negative 
valence bond corresponded closely to what we now 
call an electron. Johnson’s definition of oxidation be- 
comes ‘‘a chemical change involving the loss of one or 
more electrons from some particular atom in a com- 
pound.’”’ When an atom accepts an electron from 
some other element, it is said to be reduced. This idea 
of ‘electron transfer’ fits in perfectly with the old idea 
that the addition of oxygen is an oxidation and that any 
other negative element or group of atoms can replace 
the oxygen. Similarly, a reduction can take place by 
union with hydrogen or with any other positive atom or 
group of atoms. 

J. J. Thomson and others have assumed that when an 


1 “Oxidation-reduction: a re-evaluation,’ THIS JOURNAL, 22, 
450-56 (1945). 

2 “This practice fell into disfavor in the five-year period from 
1925-1930” (p. 450). 


atom accepts an electron from an atom of a different 
species, a “‘tube of force’’ is established whereby the ele- 
ment losing the electron is at the positive end, and the 
element accepting the electron is at the negative end. 
With this idea in mind, many of us have regarded val- 
ence bonds as “‘polar’’ without dreaming that anyone 
would interpret this to mean that an ion must be 
formed.* In the compound H,0O, for example, we think 
of the H as positive and the O as negative, and we say 
that hydrogen has a valence of +1 and oxygen a val- 
ence of —2. These assumptions can be retained in al- 
most every case. Hydrogen peroxide may seem a con- 
tradiction, but if we write the formula H—O—O—H 
we see that one bond of each oxygen atom is neutralized 
by another atom of the same kind, which gives to this 
compound the unique ability of acting either as an 
oxidizer (toward a ferrous salt, for example) or a re- 
ducer (toward permanganate and other oxidizing 
agents). Kharasch has pointed out that probably an 
electron goes all the way from one atom to another in 
establishing a valence bond, sometimes only halfway 
and sometimes less than halfway. If there is a move- 
ment in a given direction, it suffices to establish the 
positive and negative ends of a valence bond. 

Because there has been misunderstanding with re- 
spect to the conception of polar valence it has been sug- 
gested that we use the term ‘‘oxidation number’”’ to ex- 
press the state of oxidation. Let us see how this works 
out with an element in Family V of the Periodic Table. 
The element nitrogen is representative of this family. 
It has five valence electrons in the outer shell and can 
lose all five or it can ‘‘complete its octet’? and accept 
three more. This corresponds to the ideas of Abegg 
and others that the difference between the lowest and 
highest. oxidation states is eight units. Nitrogen forms 
many compounds, of which the following can be men- 
tioned: NHs;, NH,t, NH.OH, NH::NH2, HNs3, N.O, 
NO, N2O3, NO2, N2Os, or NO3~. What is the ‘‘oxida- 
tion number” of the nitrogen in each of these compounds 
orions?4 The only assumption that we have to make is 
that hydrogen corresponds to the +1 oxidation state 
and oxygen to the —2 state. Johnson would say the 
valence of H is +1 and that of 0 is —2. The only diffi- 
culty in this series is with respect to HN;, hydrazoic 
acid, which is unstable and explosive. The oxidation 
state would be —!/3. In NH3 and NH,* the oxidation 
number of the N is —3 because the N, in accordance 
with Werner’s theory, has 4 atoms of H around it; 
but since the N cannot possibly accept but three elec- 
trons, there must be one electron from an atom of H, 
which has been transferred to some other element or 





3 “Through the chemist’s symbolism he has come to regard the 
-electron condition of a hydrogen ion as identical with that of a 
hydrogen atom in a molecule of water’ (p. 452). 
4 “Whether we like it or not, we must admit that the question 
has been decided on the basis of purely arbitrary oxidation states.” 
(p. 454). 
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atom group which leaves the charge on the ammonium 
radical + 1. In NH,OH, the N atom is negative to- 
ward two atoms of H and positive toward an OH group, 
which gives an oxidation number of —1. In NH2NH:2 
each atom of N is negative toward 2 atoms of H and the 
third valence bond is neutralized with another atom of 
N. The oxidation number of the N is, therefore, —2. 
In N.O, NO, N2Os, NOz, N2Os, and NO;~ the oxidation 
numbers are, respectively, +1, +2, +3, +4, +5, and 
+5. The assumption that the oxidation numbers of H 
and O are as given above may be arbitrary, but it 
agrees with assumptions that have been made during 
more than a century of progress. 

Oxidation-reduction® certainly does represent a fund- 
amental type of reaction. It is idle to assume that the 
rusting of iron, the evolution of hydrogen by the action 
of acid on a metal, the conversion of ferrocyanide to 
ferricyanide, the oxidation of trinitrobenzene to picric 
acid or of acetaldehyde to an acetate is “‘merely an 
arithmetical concept.” In every case there has been a 
change in oxidation number. Thus in the Fe(CN).== 
ion it is easy to see that the Fe is in the ferrous state if 
we remember that the CN in cyanides always has an oxi- 
dation number of —1, and in Fe(CN),= the Fe is ferric 
with a +3 oxidation number even though no one 
thinks for an instant that the Fe exists as Fe** or 
Fet+++ in these complex anions. In trinitrobenzene 
there is one C atom® with the grouping —=C—H which 
becomes —C—OH when picric acid is formed. Against 
H this bond of the C atom was originally negative, but 
aganst OH it is positive and the oxidation corresponds 
to two oxidation units. Similarly when acetaldehyde is 
oxidized to acetate, the —CHO group contains an atom 
of C which is negative toward H but positive toward O. 
The negative bond becomes positive toward OH in the 
acetate ion, which again corresponds to two oxidation 
units. 

The case of carbon is very interesting. In most 
cases, it is impossible to point out whether a C bond is 
positive or negative toward a neighboring atom, but 
whenever oxidation or reduction takes place, it is al- 
ways easy to tell just where the oxidation occurs. Thus 
in the compounds, CO., CO, CCh, CH3Cl, CH2Ch, 
CH,, HCHO, and HCO.H, the oxidation numbers 
are, in the order named, +4, +2, +4, —2, 0, —4, 
0, and +2. In arriving at this conclusion the only as- 
sumption is that O is —2 in oxides, OH is —1, His +1, 
and Cl is —1 in all chlorides. Since the C number is 
—4 in CH, and +4 in CCl, the oxidation of CH, to 
CCl, should call for the reduction of 4Cl, to chloride: 
CH, + 4Cl = CCl + 4HCl. The matter of “electron 
density” or of ‘‘resonance energy’’ does not enter our 
minds at all.’ 

The reactions with KMnQ, against sulfite in acid 
solution and the oxidation of sulfite by selenate are 
improperly written as it is impossible for any appreci- 

5 “We are forced to conclude that oxidation-reduction is not a 
fundamental type of reaction at all but merely an arbitrary 
arithmetical concept”’ (p. 454). - 


6 Page 451. 
7 See footnote 6. 
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able quantity of SOs or SeOs™ to exist in the presence of 
mineral acid. The assumption of complete ionization 
of these two weak acids, H2SO; and H2SeOs, is almost as 
bad as the postulation of the momentary existence of 
Mn** as an ion.® 

A student confronted with the problem of writing an 
equation’ for the reduction of permanganate by sulfur- 
ous acid, finds the problem a simple one. A glance at 
the formula MnO,~ shows that seven of the eight nega- 
tive bonds of the O have been neutralized by the Mn 
atom which gives the oxidation number + 7, and it 
is equally obvious that Mn++ has a value of +2, so 
that the change corresponds to the acceptance of 
five electrons by the Mn atom; it is equally obvious 
that in H2SO; the oxidation number of the S atom is 
+4, but in SO; it is +6. Therefore, 2MnO,~ will 
oxidize 5H2SO3. Then since the reaction takes place in 
aqueous solution containing acid, the student can add 
H* or H,0O to either side of the equality sign, as needed, 
and the oxidation-reduction equation can be written 


2MnO,- + 5H2SO; = 2Mnt* + 5S0,7> + 3H.0 + 4H+t 
or, if he prefers, 
2MnO,- + 5HSO;- + H+ = 2Mnt+ + 3H.0 + 5SO,." 


The reaction between acetaldehyde and hydrogen 
peroxide in a basic solution is not difficult to balance or 
understand. When aldehyde is oxidized to acetate, the 
—CHO group is oxidized to —COOH, which means the 
change of one C bond from negative toward H to posi- 
tive toward OH, which is two equivalents. When H,0, 
acts as an oxidizer, the reaction is 


H20, + 2e + 2H+ = 2H,0 
so that the entire reaction is!° 
CH;CHO + H.0. + OH-~ = CH;CO.- + 2H,0 


Every reaction of oxidation-reduction can be as- 
sumed to be the sum of two electrode reactions. It is 
not, however, necessary to assume that every such reac- 
tion can be made to take place at the anode and cath- 
ode, respectively, because it is not always easy to main- 
tain conditions such that one and only one reaction 
takes place at either electrode. Foerster has written 
a large German text on “The Electrochemistry of Aque- 
ous Solutions” in which hundreds of oxidations are 
shown to take place at the anode and hundreds of re- 
ductions at the cathode. Many of these reactions in- 
volve organic compounds, but in every case it is pos- 
sible to write out a stoichiometric equation and to see 
exactly where the oxidation or reduction takes place. 
In an electrode reaction such as 


MnO,- + 8Ht + 5e = Mn++ + 4H20 
the only logical explanation of the reaction is that five 


electrons are assumed by the Mn in the MnO,~ anion. 
When I was a student in 1891, I learned to become 





8 Pages 452-3. 

® Page 452. 

10 The statement is made that “electron transfer does not seem 
to be involved in this reaction at all” (p. 453). 
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To the Editor: 

The paper of VanderWerf, Davidson, and Sisler! 
is the kind of paper which most readers of the JOURNAL 
OF CHEMICAL EDUCATION like best. It is carefully pre- 
pared, well written, interesting, and concerns a subject 
of interest to every chemist. Equations expressing 
oxidation-reduction reactions are the hardest ones that 
the beginner is asked to balance. He wants to know the 
easiest and best way to accomplish this, and the teacher 
wants to know the best way to teach the trick. The 
analytical chemist and the research worker also come 
in frequent contact with oxidation-reduction reactions 
and, in many cases, have to know how to balance the 
equations representing the reactions in order to arrive 
at the correct results obtained by chemical analysis. 
The fact that some of us cannot entirely agree with 
some of the findings of the paper does not detract from 
our interest. In the following discussion, footnotes 
will refer to the original statements in the paper. 

History. The method of balancing equations of 
oxidation-reduction equations, based on the Berzelius 
theory that salts are combinations of positive oxides 
with negative oxides, was taught quite generally 
many, many years ago’ and is still beloved by some 
good teachers although many experiments with classes 
of beginners have shown that the ‘“‘valence change’ 
doctrine is much easier to teach and is far more useful. 
It is not entirely clear where and when the revolt against 
the ‘‘antiquated and cumbersome’’ method started, but 
in 1882 O. C. Johnson of the University of Michigan 
wrote an appendix to a popular book, which later was 
published under the authorship of Prescott and John- 
son, in which the doctrine of negative valence was set 
forth. In a 1933 edition of the same book, McAlpine 
and Soule keep this chapter still at the end of the book. 
Before the end of the 19th century, thousands of stu- 
dents had been taught to balance oxidation-reduction 
equations by means of Johnson’s theory of ‘‘negative”’ 
valence. If one reads what Johnson wrote in 1882, he 
cannot but realize that Johnson’s idea of a negative 
valence bond corresponded closely to what we now 
call an electron. Johnson’s definition of oxidation be- 
comes ‘‘a chemical change involving the loss of one or 
more electrons from some particular atom in a com- 
pound.” When an atom accepts an electron from 
some other element, it is said to be reduced. This idea 
of ‘‘electron transfer”’ fits in perfectly with the old idea 
that the addition of oxygen is an oxidation and that any 
other negative element or group of atoms can replace 
the oxygen. Similarly, a reduction can take place by 
union with hydrogen or with any other positive atom or 
group of atoms. 

J. J. Thomson and others have assumed that when an 


1 “Oxidation-reduction: a re-evaluation,’’ TH1s JOURNAL, 22, 
450-56 (1945). 

2 “This practice fell into disfavor in the five-year period from 
1925-1930” (p. 450). 


atom accepts an electron from an atom of a different 
species, a ‘‘tube of force’’ is established whereby the ele- 
ment losing the electron is at the positive end, and the 
element accepting the electron is at the negative end. 
With this idea in mind, many of us have regarded val- 
ence bonds as “polar” without dreaming that anyone 
would interpret this to mean that an ion must be 
formed.’ In the compound H,O, for example, we think 
of the H as positive and the O as negative, and we say 
that hydrogen has a valence of +1 and oxygen a val- 
ence of —2. These assumptions can be retained in al- 
most every case. Hydrogen peroxide may seem a con- 
tradiction, but if we write the formula H—O—O—H 
we see that one bond of each oxygen atom is neutralized 
by another atom of the same kind, which gives to this 
compound the unique ability of acting either as an 
oxidizer (toward a ferrous salt, for example) or a re- 
ducer (toward permanganate and other oxidizing 
agents). Kharasch has pointed out that probably an 
electron goes all the way from one atom to another in 
establishing a valence bond, sometimes only halfway 
and sometimes less than halfway. If there is a move- 
ment in a given direction, it suffices to establish the 
positive and negative ends of a valence bond. 

Because there has been misunderstanding with re- 
spect to the conception of polar valence it has been sug- 
gested that we use the term ‘“‘oxidation number”’ to ex- 
press the state of oxidation. Let us see how this works 
out with an element in Family V of the Periodic Table. 
The element nitrogen is representative of this family. 
It has five valence electrons in the outer shell and can 
lose all five or it can ‘‘complete its octet” and accept 
three more. This corresponds to the ideas of Abegg 
and others that the difference between the lowest and 
highest oxidation states is eight units. Nitrogen forms 
many compounds, of which the following can be men- 
tioned: NHs3, NHy'*, NH.OH, NH::-NH2, HNs, NO, 
NO, N2O3, NO, N2Os, or NO3~. What is the ‘‘oxida- 
tion number”’ of the nitrogen in each of these compounds 
orions?# The only assumption that we have to make is 
that hydrogen corresponds to the +1 oxidation state 
and oxygen to the —2 state. Johnson would say the 
valence of H is +1 and that of 0 is —2. The only diffi- 
culty in this series is with respect to HN;, hydrazoic 
acid, which is unstable and explosive. The oxidation 
state would be —!/3. In NH; and NHy,* the oxidation 
number of the N is —3 because the N, in accordance 
with Werner’s theory, has 4 atoms of H around it; 
but since the N cannot possibly accept but three elec- 
trons, there must be one electron from an atom of H, 
which has been transferred to some other element or 





3 “Through the chemist’s symbolism he has come to regard the 
-electron condition of a hydrogen ion as identical with that of a 
hydrogen atom in a molecule of water”’ (p. 452). 
4 “Whether we like it or not, we must admit that the question 
has rony decided on the basis of purely arbitrary oxidation states.” 
(p. 454). 
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atom group which leaves the charge on the ammonium 
radical + 1. In NH,OH, the N atom is negative to- 
ward two atoms of H and positive toward an OH group, 
which gives an oxidation number of —1. In NH2NH2 
each atom of N is negative toward 2 atoms of H and the 
third valence bond is neutralized with another atom of 
N. The oxidation number of the N is, therefore, —2. 
In N.O, NO, N2O3, NOs, N2Os, and NO3~ the oxidation 
numbers are, respectively, +1, +2, +3, +4, +5, and 
+5. The assumption that the oxidation numbers of H 
and O are as given above may be arbitrary, but it 
agrees with assumptions that have been made during 
more than a century of progress. 

Oxidation-reduction® certainly does represent a fund- 
amental type of reaction. It is idle to assume that the 
rusting of iron, the evolution of hydrogen by the action 
of acid on a metal, the conversion of ferrocyanide to 
ferricyanide, the oxidation of trinitrobenzene to picric 
acid or of acetaldehyde to an acetate is “merely an 
arithmetical concept.” In every case there has been a 
change in oxidation number. Thus in the Fe(CN).=™ 
ion it is easy to see that the Fe is in the ferrous state if 
we remember that the CN in cyanides always has an oxi- 
dation number of —1, and in Fe(CN),= the Fe is ferric 
with a +3 oxidation number even though no one 
thinks for an instant that the Fe exists as Fet+* or 
Fe+++ in these complex anions. In trinitrobenzene 
there is one C atom® with the grouping —=C—H which 
becomes —C—OH when picric acid is formed. Against 
H this bond of the C atom was originally negative, but 
aganst OH it is positive and the oxidation corresponds 
to two oxidation units. Similarly when acetaldehyde is 
oxidized to acetate, the —CHO group contains an atom 
of C which is negative toward H but positive toward O. 
The negative bond becomes positive toward OH in the 
acetate ion, which again corresponds to two oxidation 
units. 

The case of carbon is very interesting. In most 
cases, it is impossible to point out whether a C bond is 
positive or negative toward a neighboring atom, but 
whenever oxidation or reduction takes place, it is al- 
ways easy to tell just where the oxidation occurs. Thus 
in the compounds, CO., CO, CCl, CHsCl, CH2Ch, 
CH,, HCHO, and HCO.H, the oxidation numbers 
are, in the order named, +4, +2, +4, —2, 0, —4, 
0, and +2. In arriving at this conclusion the only as- 
sumption is that O is —2 in oxides, OH is —1, His +1, 
and Cl is —1 in all chlorides. Since the C number is 
—4 in CH, and +4 in CCl, the oxidation of CH, to 
CCl, should call for the reduction of 4Cl, to chloride: 
CH, + 4Cl = CCl, + 4HCl. The matter of ‘electron 
density” or of ‘“‘resonance energy’ does not enter our 
minds at all.’ 

The reactions with KMn0O, against sulfite in acid 
solution and the oxidation of sulfite by selenate are 
improperly written as it is impossible for any appreci- 

5 “‘We are forced to conclude that oxidation-reduction is not a 
fundamental type of reaction at all but merely an, arbitrary 
arithmetical concept”’ (p. 454). 


6 Page 451. 
7 See footnote 6. 
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able quantity of SO;- or SeO;™ to exist in the presence of 
mineral acid. The assumption of complete ionization 
of these two weak acids, H2SO3 and H2SeOs, is almost as 
bad as the postulation of the momentary existence of 
Mn*’ as an ion.® 

A student confronted with the problem of writing an 
equation? for the reduction of permanganate by sulfur- 
ous acid, finds the problem a simple one. A glance at 
the formula MnO, shows that seven of the eight nega- 
tive bonds of the O have been neutralized by the Mn 
atom which gives the oxidation number + 7, and it 
is equally obvious that Mn** has a value of +2, so 
that the change corresponds to the acceptance of 
five electrons by the Mn atom; it is equally obvious 
that in H2SO; the oxidation number of the S atom is 
+4, but in SO; it is +6. Therefore, 2MnO,~ will 
oxidize 5H2SO3. Then since the reaction takes place in 
aqueous solution containing acid, the student can add 
Ht or H,20 to either side of the equality sign, as needed, 
and the oxidation-reduction equation can be written 


2MnO,- + 5H2SO; = 2Mn+t++t + 5SO,7 + 3H.0 + 4Ht+ 
or, if he prefers, 
2MnO,- + 5HSO;- + H* = 2Mn*+t + 3H.0 + 5SO," 


The reaction between acetaldehyde and hydrogen 
peroxide in a basic solution is not difficult to balance or 
understand. When aldehyde is oxidized to acetate, the 
—CHO group is oxidized to —COOH, which means the 
change of one C bond from negative toward H to posi- 
tive toward OH, which is two equivalents. When H,O, 
acts as an oxidizer, the reaction is 


H2O2 + 2e + 2H+ = 2H,0 
so that the entire reaction is!° 
CH;CHO + H.O. + OH~ = CH;CO.- + 2H:0 


Every reaction of oxidation-reduction can be as- 
sumed to be the sum of two electrode reactions. It is 
not, however, necessary to assume that every such reac- 
tion can be made to take place at the anode and cath- 
ode, respectively, because it is not always easy to main- 
tain conditions such that one and only one reaction 
takes place at either electrode. Foerster has written 
a large German text on “The Electrochemistry of Aque- 
ous Solutions” in which hundreds of oxidations are 
shown to take place at the anode and hundreds of re- 
ductions at the cathode. Many of these reactions in- 
volve organic compounds, but in every case it is pos- 
sible to write out a stoichiometric equation and to see 
exactly where the oxidation or reduction takes place. 
In an electrode reaction such as 


MnO,” + 8H* + 5e = Mnt* + 4H20 
the only logical explanation of the reaction is that five 


electrons are assumed by the Mn in the MnQO,~ anion. 
When I was a student in 1891, I learned to become 





8 Pages 452-3. 

§ Page 452. 

10 The statement is made that “‘electron transfer does not seem 
to be involved in this reaction at all” (p. 453). 
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proficient in writing oxidation-reduction equations by 
the antiquated oxide method, but in the early days of 
my teaching I happened to have a visit from Professor 
O. C. Johnson of the University of Michigan, and we got 
to talking about oxidation-reduction reactions. I had 
then come into contact with some of his students and 
realized that his technique of balancing oxidation-re- 
duction equations was better than mine. In 1917, the 
professor who taught me to balance oxidation-reduc- 
tion equations was teaching his last year. I chanced to 
walk with him a few hundred yards one morning, and I 
happened to ask him how he taught oxidation-reduc- 
tion, and he told me that it was by the valence-change 
or electron-transfer method. He told me that he could 
teach as much in a session of one hour as he used to 
teach during a whole term. Just before this, I heard Dr. 
K. G. Falk, an organic chemist, lecture on the electron 
concept of valence, and while listening to him it became 
clear to me that Johnson in his doctrine of negative va- 
lence really had the idea of the electron. In an equa- 
tion such as that mentioned above, some very able 
chemists associate the 8H* with the 4 atoms of O in the 
KMnQ, molecule and start with the assumption that the 
4H.O are formed. If such an assumption is made, 
there will be trouble with many other reactions. It is 
always best to balance first the oxidizer against the 
reducer and then use H+, H2O, or OH™ as required to 
balance the equat-on in accordance with the experimen- 
tal conditions. 

I have tried to show in this letter that in oxidation- 
reduction reactions the change in oxidation number is 
best explained by acceptance or rejection of valence 
electrons on the part of definite atoms. The resonance 
energy or the electron density need not bother us at all. 

WiiiaM T. HAL 


ROCHESTER 
MASSACHUSETTS 


To the Editor: 

We are indeed pleased to learn not only that a chem- 
ist of Professor Hall’s reputation and achievements 
should have found our paper of sufficient interest to 
merit the careful study which he has made of it, but 
also that he is in essential agreement with us. It is 
clear from Professor Hall’s letter that he would support 
our main contention—namely, that oxidation-reduc- 
tion does not necessarily involve complete electron 
transfer from the reducing to the oxidizing agent, and 
that it therefore cannot be set apart from all other types 
of chemical reactions on that basis. Professor Hall 
agrees with us that the ultimate test is that of oxidation 
state change. Furthermore, his method of calculating 
the oxidation state of an element in a compound is iden- 
tical with ours, as is his method, illustrated in the per- 
manganate-sulfite reaction,!:? for balancing oxidation- 
reduction equations. 

1 The postulation of Mn*’ as an ion, the existence of which has 
not been proved under any conditions, does not seem to us to be 


comparable with the assumption that a concentration of SO;7 
ion sufficient for reaction may exist even in the presence of min- 
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So far as the historical facts are.concerned, we find 
ourselves in no conflict with Professor Hall. We did 
not by any means intend to imply that the valence- 
change or electron-transfer concepts were unknown be- 
fore 1925, but stated merely that the electron transfer 
method of balancing equations came to win general ac- 
ceptance at about that period. 

Professor Hall states, ‘‘It is idle to assume that the 
rusting of iron, the evolution of hydrogen from acids, 
etc., is merely an arithmetical concept” because, as he 
says, ‘‘in every case there has actually been a change in 
oxidation number.” But is not this just the criterion 
for oxidation-reduction which we have maintained 
throughout our paper, which includes (p. 454) exactly 
this definition, and concludes with the statement that, 
“for a practical definition, we are forced to the concept 
of changes in valence number’’? 

The area of disagreement can best be defined in the 
statement that Professor Hall attaches a considerably 
higher degree of physical significance to oxidation 
states than we do. He therefore takes exception to our 
characterization of oxidation states as arbitrary, main- 
taining that they are well established and ‘‘agree with 
assumptions that have been made during more than a 
century of progress.” This, of course, is perfectly true; 
yet we maintain that, however great the age and respect- 
ability of the practice, the assignment of oxidation 
states of +1 to hydrogen and —2 to oxygen is nonethe- 
less an essentially arbitrary one. Since Professor Hall 
identifies these oxidation states (as well as those of 
other atoms derived on the basis of these values for H 
and O) with the actual charge on the atom in the mole- 
cule, he maintains that reactions involving changes in 
oxidation state are fundamentally different from those 
which do not. In other words, if oxidation states are 
not arbitrary but are uniquely determined by character- 
istics of the atom in the molecule, then Professor Hall 
is right and we are wrong; however, if these oxidation 
states do not necessarily correspond to the actual states 
of the atom in the molecule, then we are justified in 
maintaining that reactions involving changes in oxida- 
tion state are not fundamentally different from reactions 
which do not. 

Let us consider the case of hydrogen. The actual 
charge on a combined hydrogen atom can vary between 
the limits of —1, as in lithium hydride, and a value ap- 
proaching +1 in the strong acids, depending upon the 
polarity of the bond in which it is involved. However 
widely the convention that hydrogen always (except in 
the metallic hydrides) corresponds to an oxidation 
state of +1 may be accepted, it is nevertheless arbi- 
trary, especially when applied to such common ex- 
amples as those of hydrocarbons. 


eral acid. Actually, that equation, like many of the others we 
employed to illustrate the ion-electron method of balancing equa- 
tions, was quoted from several papers and books written in the 
1925-30 period by advocates of the ion-electron method of bal- 
ancing equations and corresponds to general practice among the 
adherents of that method. Our argument remains unchanged, 
however, even if SO;~ is replaced by H2SO3. 

2 This assumption was made by Professor Hall in his original 
letter but was withdrawn before publication. 
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Even when the charge on an element corresponds in 
sign to that of its oxidation state, as is often the case, 
the magnitude of the charge can by no means be con- 
strued as identical with the numerical value of the oxi- 
dation state. In other words, in any attempt to ac- 
count for the physical and chemical properties of a 
compound, the question of whether the bonds between 
the atoms involved are ionic in nature or are slightly 
polarized covalences, becomes highly significant. Very 
little in the physical or chemical behavior of carbon tet- 
rachloride, for example, would warrant one’s consider- 
ing the carbon atom as existing as a C+‘ and the chlo- 
rine atom as a Cl- unit. Likewise, it seems inconceiv- 
able that the addition of a proton to a water molecule to 
form the hydronium ion does not alter the magnitude 
of the charges on either the hydrogen atom or the oxy- 
gen atom of the water molecule. The oxidation states, 
however, according to accepted definitions, remain un- 
changed in the process. In these cases, the oxidation 
numbers of the various elements correspond in sign to 
the charges, but the numerical values are certainly as- 
signed in an arbitrary manner. 


Despite the arbitrary nature of valence numbers, . 


even the less obvious changes in oxidation state of com- 
bined atoms involved in redox reactions might be con- 
sidered as fundamental if, as Professor Hall implies, such 
reactions invariably involved either the inversion of the 
polarity of a polarized bond or the establishing of a co- 
ordinate covalent bond between two atoms in which the 
bonding electron pair is shifted past the hypothetical 
midway point between the donor and the acceptor. 
One weakness of this position lies, as Remick* has 
shown, in the fact that there is no reliable general 
method for determining the polar character of linkages. 

Professor Hall suggests that there is some uncertainty 
as to whether or not an inversion of polarity actually 
takes place at the bonds involved in many organic re- 
dox reactions, but that there can be no doubt that elec- 
trons are shifted away from the atom being oxidized 
toward the atom being reduced. In all chemical 
changes, oxidation-reduction reactions as well as every 
other type, there are electron shifts from one atom to- 
ward another, but we maintain that there are many re- 
actions involving oxidation state changes in which no 
inversion of bond polarity occurs, and even some in 
which electrons are shifted away from the element which 
undergoes a decrease in oxidation state toward the 
element which undergoes an increase. We cannot, 
therefore, agree with Professor Hall that reactions in- 
volving changes in oxidation state, 7. e., oxidation- 
reduction reactions, constitute a distinct class funda- 
mentally different from all other types of chemical 
change. 

Finally, we are in full accord with Professor Hall’s 
statement that an oxidation-reduction equation is most 
easily balanced by the process of first selecting the oxi- 
dizing agent and the reducing agent —according to con- 
ventional definitions—and then balancing one against 


® Remick, A. E., ‘“‘Electronic Interpretations of Organic Chem- 
istry,’’ John Wiley and Sons, Inc., New York, 1943, p. 52. 
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the other by the use of appropriate coefficients. We can 
only respectfully demur, however, from his contention 
that the change in oxidation number is always best ex- 
plained in terms of acceptance of electrons by the atom 
which is reduced and rejection of electrons by the atom 
oxidized; for not only is it not always possible to local- 
ize the electron shift at a given atom, or, indeed, even to 
determine its direction, but even when such a conclu- 
sion can be drawn, the direction of the shift is not al- 
ways found to be in accord with conventional standards 
as to valence number or oxidation state. 

CaLviIn A. VANDERWERF 

ARTHUR W. DAVIDSON 

Harry H. SISLER 


UNIVERSITY OF KANSAS 
LAWRENCE, KANSAS 


To the Editor: 

The letter of John M. Michiner in the September 
issue of the JOURNAL, commenting upon the article by 
Martin Meyer in the July issue, inspires me to offer a 
brief contribution to the discussion of general chemistry 
courses in the colleges. The topic is an old one but re- 
mains live. Mr. Meyer’s conclusions, based upon a 
statistical study of student replies to a questionnaire, 
can hardly be accepted without some reservations, 
partly because student opinions do not always reflect 
mature consideration and sound judgment, and partly 
because the situation inevitably involves so many vari- 
able factors. His findings are, however, of much inter- 
est to teachers of chemistry, as are, also, Mr. Michiner’s 
comments. 

In my early years at Haverford College I continued 
the plan then in vogue of putting all new men into the 
same elementary chemistry course regardless of the 
quantity or quality of chemistry taken in school. We 
very soon discovered that this method was faulty. A 
lack of interest and a neglect of work on the part of some 
of the better students became noticeable. There was, 
necessarily, too much repetition for them. We then 
tried out the plan of running two courses, one an 
8-semester hour course for beginners, the other a 6-se- 
mester hour course for those who had taken chemistry in 
school. The aim was to bring both groups to about 
the same level of achievement by the end of the first 
year. This was much better but still not completely 
satisfactory. We then evolved a system which made 
allowance for the chemistry taken in school; and this 
plan, which with minor modifications we still follow, 
has given excellent results. 

Two first semester courses are open to new men: 
Chemistry 1 for beginners, and Chemistry 2 for those 
who have had chemistry previously. Both are one- 
semester courses. The two courses meet at the same 
hours. Only those men who have done better than 
average work in their school chemistry or in the Col- 
lege Entrance Examination Board achievement test, 
which many of our entrants take, are admitted to 
Chemistry 2; those whose school work is obviously 
second rate are directed or “‘persuaded’’ to take the 
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beginning course. Any of those admitted to Chemistry 
2 who fail to do satisfactory work during the first few 
weeks are demoted to the more elementary course—a 
purely intra-departmental shift. 

We find that those selected for the more advanced 
course feel that they are on their mettle and, for the 
most part, put forth their best efforts, and this, as 
would be predicted, raises the general tempo of the 
course. Relatively few have to be demoted. 

This more advanced course reviews fundamental 
chemical laws and theories, metallurgy, the periodic 
law, solutions and the (modern) ionic theory, radiations 
and the properties of the atom, atomic structure and 
molecular structure, all in an essentially qualitative 
way. Those who take Chemistry | in the first semester 
take Chemistry 2 in the second. Those who take the 
Chemistry 2 in the first semester follow it with qualita- 
tive analysis in the second semester. 

This admission of new men to what is really a second 
semester course correspondingly shortens the time they 
must spend before getting into advanced chemistry 
courses, and this is surely an advantage when there is so 
much to be learned. So far, we have had no discourag- 
ing difficulty in operating the plan, nor have we had any 
evidence that our graduates are in any way handicapped 
by not having a full year of the conventional inorganic 
chemistry. 

Wn. B. MELDRUM 


HAVERFORD COLLEGE 
HAVERFORD, PENNSYLVANIA 


To the Editor: 

The comments of the anonymous book reviewer 
quoted in ‘“‘Out of the Editor’s Basket” in the Septem- 
ber issue of the JOURNAL OF CHEMICAL EDUCATION 
were very refreshing. It is nice to know that there is 
at least one person talking sense about the question of 
accumulating and disposing of books. 

I considered this question myself some months ago 
when our librarian sent around a circular letter asking 
for advice on plans for expanding the library, and it 
occurs to me that your book reviewer might be inter- 
ested in my solution to the problem... . 


Dear Sir: 

Since you have been so kind as to ask me for suggestions re- 
garding building needs for the library for the next 20 years, I 
am glad to give you my advice, although I do not have time to 
give the matter much thought. 

It seems to me that the space needs for the library might ad- 
vantageously be kept at a constant level by burning each year an 
amount of literary accumulation approximately equal in bulk to 
the year’s acquisitions. The material burnt should preferably be 
of the trashier sort, such as detective stories by American women 
writers, books on evolution by retired preachers, success stories 
of big American business men, etc. Alternatively, and what would 
amount to the same thing in the long run, the seasonal crema- 
tion could be carried out alphabetically, following the library 
catalog—starting with the “‘A’s’” and gradually working up to 
the ‘‘B’s,” and so on. But maybe this latter method would be 
considered a little drastic in some quarters. Perhaps an his- 


torical approach could be adopted in order to dispose of the 
older and more worthless material at the very first, beginning 
with incunabula, going on from Beowulf to Burns, and from 
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Burns to the present. In this way you would soon have a strictly 
modern, up-to-date library. ; 

Whatever scheme is used, the selection of the material could 
be made by a faculty committee on which I, for one, would be 


very glad to serve. 

From the careful study I have made of the lists of books re- 
ceived by the library recently, it is clear that there would be no 
difficulty in finding any amount of literary matter which no one 
would ever think of adding to his private library. Once the 
University library has bought and paid for these books, it has 
fulfilled its main function, and to continue to furnish storage space 
for them indefinitely is more than ought reasonably be expected 
of even the most poorly managed philanthropic institution. In 
short it must be recognized without any shadow of doubt that 
any effort to make these books immortal or even temporarily 
useful would be quite futile. 

I imagine that the good Bishop Theophilus had some such 
idea in mind when he urged his congregation to burn up the here- 
tical books in the library at Alexandria. It saddens one to think 
that in their Christian zeal to follow his counsel they burnt up the 
library and probably the librarian as well. In this enlightened 
day and age the whole matter could be managed much better by a 
carefully selected committee as I have indicated above. 

C. R. JOHNSON 


UNIVERSITY OF TEXAS 
AUSTIN, TEXAS 


To the Editor: 

Some 15 years ago I made an interesting observation 
in regard to finding the nonmetals from the Periodic 
Chart. 

First, the number of nonmetals in a group is ascer- 
tained by subtracting two from the group number. For 
this, the inert gases should be in Group VIII as is the 
case in the most modern wall charts. In Group I the 
negative sign obtained by subtracting two from one, is 
to be disregarded. 

Next, notice how easily these numbers point out 
which elements are the nonmetals. For example, take 
Group V. Starting at the top of the group we find nitro- 
gen. Continuing in the same family we have phos- 
phorus and arsenic. 

Use the same system for any of the groups. Notice 
that in Group VII, alabamine is included. The total of 
nonmetals is shown to be 6-+5+4+3+2+1+0+1=22. 

We have used this rule over a period of years and 
found it to simplify our teaching of metals and non- 
metals. ' 

NEWELL L. COLLINS 


TILDEN TECHNICAL HIGH SCHOOL 
CuIcaco, ILLINOIS 


To the Editor: 
As an individual scientist and as a member of the 


Association of Oak Ridge Scientists at Clinton Labora- 
tories, I am anxious to encourage serious consideration 
of a problem vital to our country and to civilization as 
awhole. Thisis the problem thrust upon us by the sud- 
den and spectacular application of atomic power. It is 
evident that we possess a military weapon of an entirely 
new magnitude, as well as a potential source of great 
technical and scientific advancement. It is unfortunate 
that the former has been the first and so far most strik- 
ing aspect. e 
(Continued on page 623) 
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NEW ENGLAND ASSOCIATION 
of CHEMISTRY TEACHERS 


Synthesis of the New Elements 
| Neptunium and Plutonium’ 


LAURENCE S. FOSTER 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


Y THE release of information concerning the 
atomic bomb and the Manhattan Project which 
was set up for its development, the attention of chem- 
ists has been called to the fact that two new elements, 
which do not exist in nature, have been synthesized. 
These transuranic elements were presaged by the work 
of Fermi in 1934, but the discovery of atomic fission by 
Hahn and Strasseman in 1938 seemed for a while to 
deny the possibility of their existence. However, it was 
possible to report in THIS JOURNAL’ in September, 
1940, that, “On June 7, 1940, E. McMillan and P. H. 
Abelson were able to announce that elements 93 and 
94 actually are produced, but instead of having proper- 
ties thought to characterize eka-rhenium and eka-os- 
mium, their chemical properties seem to correspond 
more closely to those of uranium itself. This opens the 
possibility that, as a consequence of inner-shell build- 
ing, a new series of elements, analogous to, but chemically 
dissimilar to the rare earths, makes its appearance with 
element 93 as the first member.”’ 

In their excellent book, ‘‘Applied Nuclear Physics,’’* 
published as late as 1942, Pollard and Davidson on the 
other hand expressed the opinion held by many scien- 
tists when they state, ‘It was finally proved by Mc- 
Millan and Abelson that 932 decays to 94°" via a 2.3 
day beta activity. The fate of element 94? is as yet 
unknown. The once-flourishing transuranic section of 
the periodic table has indeed fallen on evil times. Most 
physicists seem content to let it remain.” 

There matters seemed to rest. Actually, what had 
happened was that a black-out had descended in 1940 
on the work underway in the physics laboratories, and 
until the announcement by President Truman of the 
first atomic bomb dropped on Hiroshima on August 6, 
1945, no inkling of the feverish activity in the field of 
the transuranic elements was permitted to reach the 
public. Instead of having ‘‘fallen on evil times,” by the 

1 Presented at the 232nd Meeting of the N.E.A.C.T., St. 
Paul’s School, Concord, N. H., October 27, 1945. 

2 Foster, L. S., ““What’s been going on,” Tuts JouRNAL, 17, 448 


(1940). 
8 PoLLARD, E., AND W. L. Davipson, Jr., “Applied Nuclear 
Physics,’’ John Wiley and Sons, Inc., New York, 1942, chap. 10. 


end of 1942 at least a half milligram of plutonium had 
been isolated, and the plans of the Manhattan Pro- 
ject to produce it in quantity were well under way. 
This first lot had been formed by long exposure of 
uranium solutions to deutrons accelerated in cyclo- 
trons. 

To place these developments in their proper se- 
quence, it is helpful to review what was known at the 
time the veil of secrecy was drawn in 1940. Soon after 
the discovery of the neutron by Chadwick in 1932 and 
the equally important discovery of artificial radioactiv- 
ity by Irene and Frederic Joliet-Curie in 1934, Fermi 
and co-workers at the University of Rome exposed 
practically all the known elements to neutrons. Great- 
est interest was aroused by the behavior of uranium. It 
became beta ray active. The only possible consequence 
of this type of activity is the production of elements of 
higher atomic number than element 92. The work was 
continued and repeated in other laboratories, and dur- 
ing the next five years transuranic elements up to ele- 
ment 97 (eka-gold) were announced. In late 1938 Hahn 
and Strassemann demonstrated that these transuranic 
elements were in reality radioactive isotopes of ordinary 
elements of atomic weight about half that of uranium. 


U +n——> Ba + Kr + ete. 
The observation of fission of the heaviest elements was 
confirmed almost immediately in laboratories scattered 
throughout the world. It was noted very early that two 
atomic products of fission were ejected in opposite di- 
rections at extremely high velocities, thus carrying enor- 
mous quantities of energy of the order of magnitude of 
200 million electron-volts, equivalent to 4.6 X 10” 
calories per mole (238 grams) of uranium. Fission of 
one pound of uranium produces the energy equivalent 
to burning 1500 tons of coal or 200,000 gallons of 
gasoline. In April, 1940, Nier of Minnesota with Booth, 
Dunning, and Grosse of Columbia announced that sub- 
microscopic quantities of the natural isotopes of uran- 
ium, U-234, U-235, and U-238, had been separated by 
means of a mass spectrograph and individually exposed 
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to neutrons. It was found, as had been predicted by 
Bohr earlier, that of the three isotopes only U-235 
underwent fission and only with slow neutrons. U-238, 
contrariwise, was capable of absorbing both fast and 
slow neutrons and in both actions was converted to the 
unstable isotope 43 U which was rapidly converted to 
elements 93 and 94 by emission of negative electrons. 
U-234 is so rare that it may be ignored. U-235 occurs 
to an extent of only 0.7 per cent in ordinary uranium, 
and to be utilized for atomic power or in atomic bombs 
would have to be separated from the main component 
U-238. In 1940 it was estimated that to separate a 
single pound of U-235, at least 75,000 years would be 
required. By improvement in instruments and by the 
use of large numbers of them, as well as by development 
of new methods of separation, this pessimism was 
demonstrated to have been unwarranted. 

Action of Fast and Slow Neutrons on Uranium Iso- 
topes. Fission of U-235 is accomplished most effectively 
by slow or thermal neutrons, that is, neutrons which 
have about the same kinetic energy as ordinary mole- 
cules at usual laboratory temperatures. It is now 
known, on the other hand, that it is also rendered 
fissionable by fast neutrons, a condition of prime im- 
portance in producing fission in pure U-235 at an ex- 
plosive rate. Slow reactions are not suitable for bombs 
which must explode extremely rapidly, in micro- 
seconds. U-238, as has been pointed out, can absorb 
both fast and slow neutrons without undergoing fission. 
The sequence of reactions which is set in motion by 
neutron bombardment of U-238, together with the 
half-lives of the various atomic species resulting, is 
given by the following equations: 


239 


eu + $n —> “y, U + gamma ray 


239 239 


92 U ————> 93 Np + -{ « + gamma rays 
23 min. 
239 


Np 
” 2.3 days 


My Pu ———> *5U + 3 He + gamma rays 


long 

It is this series of reactions with which we are con- 
cerned in a discussion of the production of the new ele- 
ments, neptunium *88 Np and plutonium }y Pu. 

Possibilities of Chain Reaction. In the mixture of iso- 
topes which constitute ordinary uranium, there is evi- 
dently a competition between U-235 and U-238 for 
neutrons of any velocity. Because of its predominance 
and its greater ability to absorb fast neutrons, U-238 is 
much more likely to be converted to transuranic spe- 
cies than is U-235to undergo fission. Smyth has stated :* 
“Tf one neutron causes a fission that produces more than 
one neutron, the number of fissions may increase tre- 
mendously with the release of enormous amounts of 
energy. It is a question of probabilities. Neutrons 
produced in the fission process may escape entirely from 
the uranium, may be captured by uranium in a process 
not resulting in fission (production of 33°U), or may be 


239 0 
94 Pu + -,¢ + gamma rays 


‘SmytTu, H. D., “Atomic Energy for Military Purposes,” 
Princeton University Press, Princeton 1945, paragraph 2.3. 
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captured by an impurity, such as boron. Thus the 
question of whether a chain reaction does or does not 
go depends on the result of a competition among four 
processes: (1) escape, (2) non-fission capture by 
U-238, (3) non-fission capture by impurities, and (4) 
capture resulting in fission. If the loss of neutrons by 
the first three processes is less than the surplus pro- 
duced by the fourth, the chain reaction occurs; other- 
wise it does not. Evidently, any one of the first three 
processes may have such a high probability in a given 
arrangement that the extra neutrons created by fission 
will be insufficient to keep the reaction going.”’ This is 
true in ordinary massive uranium, and the solution of 
the problem of the utilization of atomic energy resolves 
itself into a reduction of the losses of the extra neutrons 
by such processes. 

To set up a self-sustaining reaction, one may proceed 
in any of several ways. (1) The isotope, U-235, may 
be separated from U-238 and from impurities which ab- 
sorb neutrons, so that most of the extra neutrons (fast) 
resulting from fission of one atom of U-235 are absorbed 
by other atoms of U-235. This has actually been ac- 
complished and the violence of the result is testified to 
by the devastation of Hiroshima. (2) The neutrons 
resulting from fission may be slowed down by means of 
non-absorbers of neutrons (so-called ‘‘moderators’’) 
such as heavy water, beryllium, graphite, etc., until 
their energies are in the range of ordinary gas molecules 
under laboratory conditions. U-235 has a much greater 
tendency to absorb slow neutrons than fast, and a larger 
percentage of the fission-neutrons can thus be made to 
enter into new fission reactions before being absorbed 
by atoms of U-238. In the presence of moderators the 
chances for continued fission of U-235 are markedly en- 
hanced. If the amount of uranium is made large enough 
and pure enough so that losses of neutrons by escape 
and by reaction with impurities are minimized, the re- 
action does become self-sustaining in the presence of a 
moderator. The assembly of uranium and moderator 
is called a ‘‘pile.”” In a pile U-235 is consumed and is 
the source of energy, and due to absorption of fission 
neutrons, much U-238 is ultimately converted to pluton- 
ium, *%Pu. This process is discussed in greater detail 
in alater section. (3) Under bombardment of neutrons, 
the susceptibility of Pu-239 to fission is similar to that of 
U-235 and it also can be made chain reacting. It was 
realized quite early that if sufficient plutonium could be 
separated from the uranium in a self-sustaining pile, it 
also could be used as the basi§ of an atomic bomb. The 
trial bomb set off in New Mexico on July 16, 1945, and 
the bomb released over Nagasaki on August 9, 1945, 
utilized the newly synthesized element in just this way. 
(4) Other elements, namely, thorium and protoactinium, 
also undergo fission when bombarded by fast neutrons. 
Thorium is not a scarce element and may eventually be 
applied, but protoactinium is too rare to be considered. 
Because of the great susceptibility of the uranium iso- 
topes to slow neutrons and the promise of success of 
inducing a chain reaction among them, little attention 
has yet been given to the possibilities of thorium. 
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Construciton and Operation of a Pile. In order to in- 
crease the probability that a fission neutron will be ab- 
sorbed by an atom of U-235 rather than one of U-238, 
the neutron has to make many collisions with the atoms 
of a moderator before it is returned to the uranium 
mass. The first design of a pile to accomplish this was 
to imbed cubic lumps of pure uranium in a lattice or 
matrix of pure graphite. A small unit of this type was 
set up at the University of Chicago, and on December 2, 
1943, the first self-sustaining fission chain reaction ever 
produced was initiated. The pile contained over six 
tons of metallic uranium and additional cubes of uran- 
ium dioxide, separated by blocks of graphite. It was 
provided with safety shields to protect the operators 
from radiation and with control rods of cadmium to 
absorb excess neutrons and thus keep their concentra- 
tion at a safe level. Because of its location under the 
west stands of the football stadium, once it was estab- 
lished that such a pile would be self-sustaining, it was 
kept in operation only for a short period. Too many 
neutrons were escaping and made walking by the 
stadium potentially dangerous. 

By November, 1948, a larger air-cooled pile was in 
operation at the Clinton Laboratories at Oak Ridge, 
Tennessee. Construction of still larger water-cooled 
piles was underway at Hanford, Washington, in 1943, 
and the first large unit went into operation in Septem- 
ber, 1944. Countless complex problems had to be 
solved by the research groups and a gigantic engineering 
program had to be set in operation to carry the produc- 
tion of plutonium from a microgram scale in 1942 to a 
kilogram scale in 1945. The details of these develop- 
ments constitute the major part of the Smyth Report, 
referred to above. 

When U-235 undergoes fission, in addition to creating 
the neutrons used in producing new fissions and convert- 
ing U-238 to plutonium, numerous fission products are 
simultaneously accumulated. Because these are all 
highly radioactive, they render operation of a pile an 
extremely hazardous task and require adoption of 
proper safeguards, the most obvious of which are the 
thick walls of concrete which surround one. Asa result 
of the constant neutron bombardment in the pile, these 
fission products, add a difficulty of the first order 
to the separation of plutonium from the uranium in 
which it is now located, not only from the standpoint of 
the hazard but also by the intricate chemical operations 
necessitated by their interferences. The dissolving of 
the uranium, the separation and concentration of the 
plutonium, and its final purification are operations 
which have to be carried out by remote control. In 
order to design the plants for doing these on a large 
scale, a tremendous effort was expended in establishing 
the optimum operating conditions, using only the micro 
quantities of plutonium available at the time this had 
to be done. The chemistry of the new element, of 
which less than a milligram was available, was better 
known than that of many of the natural elements. 
This could be true, of course, only because of its radio- 
activity by which it is readily detected and traced 
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through a series of chemical transformations. Because 
of the military urgency, it was necessary to design and 
build large operating plants without the customary 
intermediate experience of pilot plant operation, often 
on the basis of only radio-tracer experiments. So cer- 
tain were the data, however, that with few exceptions 
the efficiency of the plants was higher than the esti- 
mates, and few alterations in plans were required. 

Relationship Between Power Output of a Pile and Rate 
of Formation of Plutonium. The overall equation for 
the fission of U-235 is: 


UU tpn —> [Su] — ™MA+™B+rin+Q 


Tn a stable self-sustaining pile, as many neutrons are 
being used up as are being evolved. Parallel with the 
production of neutrons, there is a corresponding amount 
of energy produced of the order of magnitude of 200 
Mev per fission. This may be divided into two parts, 
Q the amount of energy which is evolved at the time of 
fission, 160 Mev, and the energy contained in the 
fission fragments A and B which undergo radioactive 
decomposition to form stable isotopes with the gradual 
evolution of an additional amount of energy, 40 Mev. 
Dependent upon the efficiency of the design of a pile, 
the production of a gram of plutonium per day would be 
accompanied by the release of energy at a rate up to 
1500 kilowatts. The power level of the Clinton Pile is 
of the order of 2000 kilowatts, but even at the high 
power level of the Hanford pile, only a few grams of 
U-238 and U-235 are used up per day and the small 
amount of plutonium formed must be separated from 
about 1,000,000 grams of residual uranium. It is ob- 
vious from these figures that a pile of this type operating 
at a low temperature cannot yet compete economically 
with coal and other types of fuel as a source of power. 
This problem has been discussed in an interesting 
summary by the McGraw-Hill editorial staff.5 _ 

Chemistry of Plutonium and Methods of Separating it 
from Uranium. In the early work on elements 93 and 
94, the first species identified is now known to have 
been 73 Np which was isolated through the use of tracer 
methods by McMillan and Abelson from uranium which 
had been bombarded for months hy deuterons in the 
Berkeley cyclotron. , 


8 U + id —> "SB Np +2jn 
238 Np —>*S Pu + _‘e 
“3 Pu—> 92 U + 3He 


As was pointed out in the introduction, this isotope of 
neptunium was known to be a beta emitter, but element 
94 was not detected. Later Seaborg, Kennedy, and 
Wahl at the University of California were able to es- 
tablish the existence of %§ Pu and by tracer methods to 
study its chemical behavior. This isotope of plutonium 
has a shorter half life than *{ Pu and because of its 


5 “The Atom—New Source of Energy,’’ printed in the Septem- 
ber issue of all McGraw-Hill magazines; cf., Chem. & Met. Eng., 
52, 93 (1945). 
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greater radioactivity is easier to detect. As a result of 
tracer scale experiments, by 1942 methods of handling 
micro amounts of plutonium had been developed to the 
point that 0.5 milligram of *j{Pu had been obtained in 
thé form of pure salts by separation from uranyl nitrate 
which had been bombarded by deuterons. The study of 
the chemistry of plutonium on a tracer and micro scale 
was continued at the Metallurgical Laboratory of the 
University of Chicago and elsewhere and provided the 
basis for the plant methods adopted for pile operations. 

The position of a new rare earth type group in Period 
7 of the Periodic Table has long been a subject for con- 
jecture.6 In 1940, as has already been mentioned, it 
was evident that neptunium and plutonium were more 
similar to uranium than to the third group elements 
(elements 57 to 71 and 89), and this early tracer ob- 
servation has been strengthened as the chemistry of 
these elements has been elaborated on a larger and 
larger scale. It is now known that it possesses four states 
of oxidation, 3+, 4+, 5+, and 6+. In the highest 
state it forms plutonyl derivatives with the positive 
radical, PuO,+*, corresponding to the uranyl deriva- 
tives of uranium of which uranyl nitrate, UO2(NOs)s, is 
a familiar example. Because of differences in the oxida- 
tion potentials of uranium and plutonium between the 
valence states, by selection of proper conditions it is 
possible to oxidize or reduce one and not the other, so 
that easy methods of separating them could be worked 
out. 

Recovery of plutonium from uranium which has 
served its function in a pile is complicated, however, by 
the presence of the radioactive fission products which 
interfere with the separation procedures. The radio 
elements formed are isotopes of stable elements lying 
between mass numbers 127 and 154 and between 83 and 
115, which decay by beta emission accompanied by 
gamma rays. The longer the pile has run, the larger is 
the concentration of plutonium and the larger the 
concentration of fission products. After the pile has 
been shut down, the radioactivity continues, but at a 
diminishing rate until only the more stable species 
remain. Neptunium is converted to plutonium fairly 
rapidly. It is from such a complicated system that 
plutonium must be separated in pure form. 

The first successful method of separation was one of 
co-precipitation with a carrier which permitted the re- 
moval of most of the plutonium from the uranium and 
many of the fission products in a single step. Methods 
based on adsorption and solvent extraction have been 
developed which may supplant the precipitation method 
.either in the main process or in recovery of valuable by- 
products and residual uranium. The semi-works at the 
Clinton Laboratories and the large scale plant at Han- 





6 There seems to be no experimental evidence for the sug- 
gested revision of the seventh period recommended in the fol- 
lowing: G. E. Vitvar, ‘‘On a suggested revision of the seventh 
period of the periodic table,’’ THis JouRNAL, 19, 286 (1942); 
“A suggested revision of the position of thorium in the fourth 
period of the periodic table,” ibid., 19, 329 (1942); J. A. Basor, 
“A periodic table based on atomic number and electronic con- 
figuration,”’ zbid., 21, 25 (1944). 
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ford were designed for a precipitation process. Quoting 
Smyth,’ ‘‘Most of the precipitation processes which 
have received serious consideration made use of an 
alternation between the (IV) and (VI) oxidation states 
of plutonium. Such processes involve a precipitation of 
Pu(IV) with a certain compound as a carrier, then dis- 
solution of the precipitate, oxidation of the Pu to the 
(VI) state, and reprecipitation of the carrier compound 
while the Pu(VI) remains in solution. Fission products 
which are not carried by these compounds remain in 
solution when Pu(VI) is precipitated. The fission 
products which carry are removed from the Pu when it 
is in the (VI) state. Successive oxidation-reduction 
cycles are carried out until the desired decontamination 
is achieved. The process of elimination of the fission 
products is called decontamination, and the degree of 
elimination is tested by measuring the change in 
radioactivity of the material.” 

“A much greater and more uncertain step [than the 
operation of the pile] was required in the case of the 
separation process, for the Clinton separation plant was 
designed on the basis of experiments using only micro- 
gram amounts of plutonium.... Nevertheless the sep- 
aration process worked! The first batch of slugs from 
the pile entered the separation plant on December 20, 
1943. By the end of January, 1944, metal from the pile 
was going to the separation plant at the rate of 1/; 
ton per day. By February 1, 1944, 190 mg. of pluto- 
nium had been delivered and by March 1, 1944, several 
grams had been delivered. Furthermore, the efficiency 
of recovery at the very start was about 50 per cent and 
by June, 1944, it was between 80 and 90 per cent.” 

“The success of the separation process at Hanford 
has exceeded all expectations. The high yields and de- 
contamination factors and the relative ease of operation 
have amply demonstrated the wisdom of its choice as a 
process. This choice was based upon a knowledge of 
plutonium chemistry which had been gleaned from less 
than a milligram of plutonium. Further developments 
may make the present Hanford process obsolete, but 
the principal goal, which was to have a workable and 
efficient process for use as soon as the Hanford piles 
were delivering plutonium, has been attained.” 

Future A pplications of Uranium Piles. In addition to 
the heterogeneous pile discussed in the foregoing, other 
types have been designed and at least one has been con- 
structed. This is one in which heavy water is used as a 
moderator. This has been explored most actively by 
the Canadians. The most striking feature is the smaller 
size which is permitted by the change in technique. 
Types of piles to be used as power sources, which must 
be operated at higher temperatures for good efficiency, 
are under consideration. 

Radio elements are by-products of the fission of ura- 
nium. Moreover, the uranium pile is the richest known 
source of neutrons, and nuclear reactions which can be 
accomplished on a small scale in the beam of a cyclotron 
can be carried out more efficaciously in a pile. The 





7 SmyTH, loc. cit., pp. 138, 144, 193. 
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material to be altered is inserted (in a suitable container) 
into the pile and removed after the desired time of ex- 
posure to the neutron flux has elapsed. By this method 
large amounts of radio elements will be made available 
for tracer work in all fields of science. William L. Lau- 
rence has written,® ‘“With this power at his disposal, 
man for the first time stands close to ‘remold his world 
nearer to his heart’s desire.’ The chemist, the physicist, 
the biologist, and the engineer are on the threshold of 
new worlds. Instead of being circumscribed by the 
basic elements found in nature, they can now create 
new elements to order, elements that could be used for 
better, richer, healthier, and more abundant life.’’ 


8 New York Times, October 9, 1945, p. 6. 
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Notes 


The N.E.A.C.T. will meet on February 2 at the 
Rhode Island College of Education, Providence. 

The 1946 Summer Conference will be held at Middle- 
bury College, Middlebury, Vermont. 

Word has been received of the death, on September 
27, 1945, of Mrs. Elwin Damon, wife of the late 19th 
president of the N.E.A.C.T. 

Dr. Andrew J. Scarlett went to France on July 4 to 
teach in the American University at Biarritz, which 
has 4000 students. He reports having an interesting 
and busy time designing, building, and equipping the 
chemistry laboratory. 


the fact that plutonium occurs 


in nature in small amounts, and that two additional elements, 95 and 96, have been synthetized.] 





LETTERS (Continued from page 618) 


Scientists are perhaps better prepared than laymen 
to realize the implications of atomic power, and there- 
fore they should take a prominent part in helping this 
country formulate a lasting international policy. Thisis 
especially true since in recent weeks many self-ap- 
pointed spokesmen have further confused the public 
with statements which are erroneous at the very least 
with respect to the physical potentialities and limita- 
tions of atomic power. A notable exception is E. U. 
Condon in his article entitled ‘‘Atomic bombs and the 
future.’ 

It seems evident that the world cannot afford a war 
as costly and destructive as the next would surely be. 
If we jealously guard our temporary advantage in this 
field, the inevitable result will be an armament race 
with the apparently inevitable climax of war. On the 
other hand, this country can renounce the useless cycle 
of power politics, and lead the world in a political 
change as profound as the recent advances of science. 
Atomic power and all other potential war industries 
should be subject to close inspection and regulation by 
an international authority. This means some loss of 
sovereignty in the sense of a loss of privacy and of the 
opportunity to prepare for war. It also means that 
we would be able to spend our efforts on peacetime ap- 


1 Conpon, E. U., ‘‘Atomic bombs and the future,’ Tu1s Jour- 
NAL, 22, 481 (1945). 


plications of the new science rather than on weapons of 


destruction. America cannot hope to retain for long 
the present atomic bomb monopoly, so we must act 
soon. We believe that the scientists and the people of 
this country, while they contributed what they could to 
our military needs, want to see us as leaders in the sci- 
ence of peace rather than in the science of war. 

The scientists who have developed the atomic bomb 
are deeply concerned with the effect of this new power 
on the postwar world, and with the position of science 
as a whole in making it a better place to live. In order 
to make their opinions more forceful, groups have been 
organized at the Chicago Metallurgical Laboratories, 
at Los Alamos, New Mexico, at Clinton Laboratories, 
Tennessee, and at other locations, which are supported 
by a very high percentage of the available personnel. 
These organizations came into being in a very spontane- 
ous and almost simultaneous fashion. The degree of 
agreement on the issues at stake and the interest of the 
government and the public has been gratifying. How- 
ever, the problems must be understood and studied as 
widely as possible, and it is the special duty of all sci- 
entists to aid in reaching the correct solutions through 
education, discussion, and action. 


RUSSELL R. WILLIAMS, JR. 


Oak RIDGE 
TENNESSEE 











Atomic ENERGY FoR Miitary Purposes. Henry DeWolf 
Smyth, Department of Physics, Princeton University. Prince- 
ton University Press, Princeton, New Jersey, 1945. ix + 
264 pp. 13.5 X18.5cm. Paper, $1.25; cloth, $2.00. 

The “Smyth Report”’ is not only a clear exposition of the re- 
search and technical development which went into the produc- 
tion of the atomic bomb, but is such good writing that the 
author also catches some of the dramatic suspense of the tests 
leading to final success. It was written “for scientific men and 
engineers who can understand the technology involved in order 
that they may explain the potentialities of atomic energy to 
their fellow citizens.” A more or less chronological account of 
the Manhattan project from 1940-45 includes a description 
of the general division of work at Columbia, the University of 
California, the Metallurgical Laboratory in Chicago, and the 
plants at Hanford, Washington, Oak Ridge, Tennessee, and Los 
Alamos, New Mexico. Methods (and their limitations) of 
separating isotopes are discussed at some length. The intro- 
duction contains an account of the principal results of nuclear 
physics obtained prior to 1940. 

“Time capsules’ of the future might well include this report 
as a tribute to what scientists were thinking about and doing in 
the years 1940-45. It seems destined to be the classic starting 
reference to future students beginning work in this field. 

LEALLYN B. CLAPP 


BROWN UNIVERISTY 
PROVIDENCE, RHODE ISLAND 


CHEMISTRY FOR ELECTROPLATERS. C.B. F. Young, Consultant; 
Director of Research, Clark Babbitt Industries, Inc.; Ad- 
junct Professor, Brooklyn Polytechnic Institute; Head, In- 
stitute of Electrochemistry and Metallurgy. Chemical Pub- 
lishing Company, Inc., Brooklyn, 1945. vi + 205 pp. 6 
figs. ltable. 13.8% 21.7cm. $4.00. 

The author attempts to supply the scientific background for 
the electroplater’s art and to give a résumé of general chemistry 
using illustrative examples from practical situations met in the 
plating room. The examples are fitted to the purpose, but the 
survey of chemistry is an eyebrow-arching disappointment. 
Granted the difficulties of compressing elementary general chem- 
istry into 186 pages; nevertheless there are abundant errors in 
factual information, incorrect inferences are given, and outdated 
explanations of such important topics as electrolysis and hy- 
drolysis remain. 

The proofreading is unfortunate, for spelling, grammatical, 
and mathematical errors are frequent. The periodic chart 
(p. 188) is taken from the 1931 edition of a popular high-school 
textbook, excepting the misprint for the atomic weight of boron. 
Another edition of that same book appeared in 1942, and the re- 
vised chart differs in 33 details from the one used by the present 
author. 

The following are direct quotations: 

**Monovalent means having one valence” (p. 48). 

“One volume of carbon unites with one-half volume of oxygen 
to give one volume of carbon monoxide’”’ (p. 34). 

“One of the best ways of manufacturing hydrogen peroxide is 
to unite cold, dilute sulfuric acid with barium peroxide” (p. 29). 

“Each molecule of water is composed of one molecule of hy- 
drogen and one atom of oxygen” (p. 53). 

“Thus, one sees that most of the ammonium hydroxide is in 
the molecular state” (p. 117). 

“If sodium cyanide is added to the solution of a cupric salt, 
cupric cyanide, Cu(CN)., is precipitated” (p. 179). 

“Cupric cyanide cannot be precipitated from solution” (p. 


180). 
ELBERT C. WEAVER 


Pariirrs ACADEMY 
ANDOVER, MASSACHUSSETS 
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INTRODUCTION TO QUANTITATIVE ANALysis. Saul B. Arenson, 
Professor of Inorganic Chemistry, University of Cincinnati, and 
George Rieveschal, Jr., Parke, Davis and Company. Thomas 
Y. Crowell Company, New York, 1944. xiii + 386 pp. 
14X 22cm. $2.75. 

This text is a definite departure from the usual book in the field. 
It follows the usual pattern of starting with the balance, the cali- 
bration of weights and of volumetric equipment, and a brief sur- 
vey of chemical equilibrium. Next comes titrimetric analysis in 
three chapters—acid-base titrimetry, oxidation-reduction titrim- 
etry, and precipitation titrimetry. This is followed by a chap- 
ter on gravimetric analysis and two final chapters with titles 
“Some Applications of Electrochemistry,” and ‘‘Photometric 
Methods of Analysis.’ Seventy-nine laboratory experiments are 
distributed as follows: 


7 simple weighing or measurement of volumes 

14 acid-base titrimetry 

32 oxidation-reduction titrimetry 

17 precipitation titrimetry 

9 gravimetric determinations 

The three most obvious ways in which the text is unusual are: 
(1) the large number of references to other texts and to the origi- 
nal literature for extended treatment of topics and methods 
which are touched on very briefly in the book itself; (2) the in- 
troduction of a number of technical applications of quantitative 
procedures, such as the moisture content of coal and of butter, 
per cent of alcohol in a medicine or beverage, change in lactic 
acid content of milk on souring, iodine number of a fat or oil, etc.; 
and (8) the marked preference for organic reagents as precipi- 
tants in gravimetric analysis. Also, many problems are included 
in the book, for which the solutions are based on the ‘‘common 
sense’? method of understanding the principles involved rather 
than depending on formulas. 

The large number of references to other books and to journal 
articles has the commendable aim of giving the student some con- 
tact with the literature of the subject. In practice, however, this 
involves a considerable amount of wear and tear on the library 
books as well as wasted time when a number of students are 
asked to read the same article. 

The treatment of theory is rather weak in spots, occasionally 
being oversimplified to the point where it is actually misleading. 
Thus, ionization constants are discussed briefly, but practically 
no use is made of them in the treatment of acid-base titrimetry, 
the selection of indicators being based on graphs derived appar- 
ently from titrations using a pH meter. Again, the solubility 
product principle is derived from the discredited assumption that 
the concentration of undissociated salt in saturated solutions is 
constant (p. 70). Also, in discussing a cell, reference is made to 
electrons flowing through the outer metallic circuit in one direc- 
tion and through the solution in the opposite direction (p. 289). 
Obviously, there are no electrons flowing through the solution. 

The book is written in a rather informal style, is well done on 
the whole, and should prove stimulating both to the student and 
to the teacher. It places more responsibility on the teacher for 
assignments, supplementary discussion, and direct contact with 


individual students than does the usual text. 
R. K. McAtpPINE 


UNIVERSITY OF MICHIGAN 
Ann ARBOR, MICHIGAN 


BETTER COLLEGES—BETTER TEACHERS. Russell M. Cooper and 
collaborators of 28 colleges. The Macmillan Company, New 
York, 1944. viii-+-167pp. 15 X 23cm. $1.25. 

This publication of the North Central Association Committee 
on the Preparation of High School Teachers in Colleges of Liberal 
Arts is a report concerned with the preparation of high-school 
teachers in 28 liberal arts colleges. 
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balance for direct precision weighing, 
The. WrtLt1AM MARSHALL MACNEVIN 

Absorption spectroscopy, Ultraviolet. Irv- 
Inc M. Ku 

Academy, Naval, How it looks at the ques- 
tion of chemical education. ComMan- 
DER H. E. Repexker, U.S.N.R 

Acetylcholine competition, A th 
anesthetic action based upon. 

W. SCHUELER........... 

Acid, hydrochloric, ning certain vege- 

tables with. R. C. BuRRELL, ESTHER 
<a BEVERLEE J. Rice, AND 
PHYLLIS J. Soun.. a 

Acidity of organic compounds and reson- 
ance. CaLvin A. VANDERWERF 

Acids and bases, Proton-donors in the elec- 
tronic theory of. 

Action, A theory of anesthetic, based upon 
acetylcholine competition. Frep W. 
SCHUELER 

Activities, university, Revival of in Holland. 
H. S. vAN ns 6 c.s cones svanse 

Adolf Lieben. Moritz Koun ...... 

Adrian College, General chemistry at. 
James B. SCHROYER 

Adsorption, Chromatographic, in under- 

= anaes er Joun A. 


adwonmt: in A og by sublimation: Blood 
pieome, » penicillin, food. Eart W. 


Africa, Emergency courses for for ‘metallurgical 
UNG 


chemists in. R. S. 
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Fritz Ephraim. Inorganic chemistry. 
Fourth English edition (B) 
Timm, JoHN ARREND. General chemistry 


—_— E. Howarp—See DurRaAns, THOS. 


TRUMPER, Max—See CANTAROW, ABRA- 
HAM. 

Tucker, S. Horwoop. A lost centenary: 
Lassaigne’s test for nitrogen (Ar) 


UHRIG, KARL. A simple laboratory oz- 
onizer 


VAN KLOOSTER, H.S. Revival of uni- 
versity activities in Holland 
VANDERWERF, CALvIN A. Acidity of or- 
ganic compounds and resonance (Ar). 
Balancing oxidation-reduction equations 
in organic chemistry (Ar) 
—and ARTHUR W. DAvIDSOoN, AND Harry H. 
SIsLER (C) 
Oxidation-reduction: A re-evaluation (Ar) 
— See SISLER, Harry H. 
VELLENGA, S.J. Thechemistry Sot 
in the — liberal arts college (Ar).. 
Vernon, A. A. —See Luper, W. F. 
VINCENT, G. P., E. G. Fenricu, Joun F. 
SyYNAN, AND E. R. Woopwarp. Two 
new chlorine compounds (Ar) 
Von Arx, WittramM S. A molecular motion 
projector (Ar) 


WAGNER, HENRY A., with Haroip 
Srmmons BootHo. A _ new periodic 
o. “logical” chemistry 
High-school Ph.D.’s (C). 
WakeEuAM, GLEN. The law of multiple pro- 
portions (Ar 
WALKER, J. FREDERIC. Formaldehyde (B). 
WALLACE, WitiraM J. L. Some outstanding 
teachers of chemistry in negro colleges 
and universities (Ar) 
WEAVER, ELBERT C. Demons in demonstra- 
tions (Ar 
Reference books for 
Ar. 





Weexs, Mary EL vira (with illustrations 
collected by F. B. Datns). Discovery 
of the elements. Fifth edition, revised 
and enlarged (B) 

Wetss, Louis AND ALEX OPOCHINSKY. 
modified Mattuck apparatus to demon- 
strate a of solutions (Ar).. 

WELLES, GrorGE D., Jr. The plastic that 
is 97 per cent air (Ar) 

WERTHEIM, E. Textbook of organic chem- 
istry (B) 

West, JAMes R. Some industrial aspects of 
adsorption (Ar) 


SUBJECT INDEX 


Agate gels, cat’s-eye, A technique for the 
preparation of. Harriett H. FIivimn- 
GER, RutH MCCONNELL, AND PAMELA 


A practical 


Agitation and crystallization: 
ARTHUR W. 


laboratory experiment. 

DEVoR 
Aids, Helpful, > the study of chemistry. 
PPER AND Keiso B 


Mor: 

Aids, Teaching. Harry F. Witey 

Air, The plastic that is 97 per cent. 

. WELLES, JR. 

Aircraft workers, An antidermatitis program 
for. A. J. SaFSTROM 

Alcohol, ethyl, Wartime production ‘of. 
Purp A. SINGLETON.........0000005 

Aldose configurations, A oye tabula- 
tion of. RoBert G. M. DAKERS..... 

Aldose sugars, Association of names and 
formulas of the. Eart D. STEWART.. 

Aliphatic substitution reactions, nucleo- 
philic, The Walden inversion in. CLARA 


GEORGE 


Alleged . 0 property of polar-bear 
liver, The 

Alloy, ‘Haynes "Stellite,” 
Frontispieces. 

Amalgam, Dental: A reaction involving 
measurement of minute eames 
change. RatpH W. 

Americas, a food-first of =: 
water.” Ben Frost.... 

Ammonium nitrate from war to peace. 
KenneTH HorRneRr.. 

Analysis, Modified, of qualitative analysis 


reflectors —See 
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WHELAND, GEORGE WILLARD. The theory 
of resonance and its applications to or- 
ganic chemistry (B) 

—— Witit1am M.—See Davus, Pau 


Wiiey, Harry F. Teaching aids (Ar)..... 

Wituiams, R. R. (C) 

WruriaMs, Rocsr J. What to do about vita- 
mins (B) 

WILLKIE, FREDERICK AND Harrison C. 
BLANKMEYER. An outline for industry 


B 

Witson, D. Wricut. A laboratory manual 
of physiological chemistry (B 

Wimmer, Curt P. Perfumery: Basic facts 
for pharmacists (Ar) 

Winton, ANDREW L. AND Kate BARBER 
Winton. The analysis of foods (B) 

Winton, Kate BarBer—See WINTON, 
ANDREW L. 

Wirta, Henry E. AND BENJAMIN P. Burtt. 
Teaching technique through cartoons 


WISWESSER, Witt1aM J. The periodic sys- 
tem and atomic structure: ct 
elementary physical approach (Ar).. 

II. Detailed introduction to the wave 
mechanical approach (Ar 
III. Wave mechanical interpretations 


Wotrrom, M. L. (C) 
Wooprorp, Loris W. Trends in the indus- 
trial employment of women chemists 


Woopwarp, E. R.—See VINCENT, G. P. 


YOUNG, C. B. F. Chemistry for electro- 
platers (B) 

Younc,R.S. Emergency courses for metal- 
lurgical chemists in Africa 

beater Sypngy (1857-1937). 


—See Frontispieces. 


ZACHARIASEN, WILLIAM H. Theory 
of X-ray diffraction in crystals (B).. 
Zapri, ENRIQUE V. Tratado de quimica 

organica (B) 
ZUFFANTI, SAVERIO. Enolization: An elec- 
tronic interpretation (Ar) 


OUT OF THE EDITOR’S BASKET 
IRWIN, STEVENS 
Pozz1-Escot, PROFESSOR 
QUEENY, EDGAR 
RIvEIN, DEAN 
Wirey, Harry F 


WHAT’S BEEN GOING O 
DEGERING, Eb. F.. 


Tuomas C. HEeRn- 
E. F. 


oa II and III. 
ON 
pe qualitative, A diagram of. 


Analysis, qualitative, for the cations, A 
semimicro scheme of, without the use 
of hydrogen sulfide. . T. Dopsrns 
AND E. S. GILREATH 

Analysis, routine industrial, Spectrochemical 


vs. wet methodsin. RONALD B.SPAcHT 134 


qualitative, 


Analysis, undergraduate 
JouNn 


hromatographic adsorption in. 
A. BisHoPp 
—— chemist: Sherlock Holmes. R. 
RAHAM 
Anatyiical chemistry, quantitative, A ten- 
week course in. LAuRENCE D. F 


Anesthetic action, A theory of, based upon 
acetylcholine. competition. Frep 


Angle, Valence, of = tetrahedral carbon 
atom. OGTR a 06k cin vnee 
Annabella learns about batteries. Con- 
STANCE SHARP SAMMIS 

Antidermatitis program for aircraft workers, 
An. A. J. SAFSTROM 

Apparatus, A _ chemical-physical change 
demonstration. ALEXANDER P. Mar- 
Wax cacdccctecs esl cuaereueke ueeeea 

oe A jet propulsion. Martin 


Apparatus, A modified Mattuck, to ‘demon- 
strate conductivity of solutions. Louis 
Weiss AND ALEX OPOCHINSKY........ 

Apparatus for the determination of molec- 
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ular weights by the method of Lums- 
den, An. Orrto F. STEINBACH 

Application of electronic theories to the 
teaching of organic chemistry, The. G. 
H. STEMPEL, JR. 

Applications of thermodynamics to the proc- 
ess industries. Wayne C. EpMISTER.. 

Approach, physical. An elementary: The 
periodic system and atomic structure. 
I. WrtvtraM J. WISWESSER 

Approach, wave mechanical, Detailed intro- 
duction to the: The periodic system and 
atomic structure. II. Wururam J. 
WISWESSER 

Armed Forces Institute, United States, The 
program of the. LIEUTENANT COLONEL 
HERBERT G. 

Aspects of the chemistry of DDT. Francis 


Aspects, Some industrial, of adsorption. 
James R. WEST 

Association of names and formulas of the 
aldose sugars. EArt D. STEWART.... 

Atom, tetrahedral carbon, Valence angle of 
OR, Wes Wes EETIN cv cs ccc owebene 

Atomic bombs and the future. Epwarp U. 


Atomic orbitals and valence. W. F. LUDER 
Atomic structure, The periodic system and. 
Wrtut1aM J. WISWESSER. 
I. Anelementary physical approach.... 
II. Detailed introduction to the wave 
mechanical approach 
III. Wave mechanical interpretations. . 
Azeotropism: A useful tool clarified. K. 
FLEER 


BALANCE and weights, The absolute cali- 
bration of, for direct precision weighing. 
WirttiAM MARSHALL MACNEVIN 

Balancing, A question of. ARTHUR PORGES 

Balancing oxidation-reduction equations 
in organic chemistry. Catvin A. VAN- 

Balancing, Some simple. ANTHONY STAN- 

Banker study chemistry, A?............. 

Basic facts for pharmacists: Perfumery. 
Curt P. WIMMER 

Basic laboratory methods, Discoverer of— 
Tobias Lowitz. Henry M. LEICESTER 

Batteries, Annabella learns about. Con- 
STANCE SHARP SAMMIS 

Beginners, Dyes and dyeing for. CHARLES 
Bs PN 60.0 00 0000 66.5:9:6:05.096.000:0-000 

ee Simple projects for. CHARLES H. 
STON 

Beverage wae food protection, 
vitamin C holds key to. A. 


Synthetic 
ADAMS 


Biological chemistry, Survey of courses and 
construction of tests in. Gorpon H. 
PLE: nc 0 n'y 0 0.4 Uh e410 0.09 68 0.0'8'0 5006 

Birth of the modern chemical nomenclature, 
The, Ratem BH. ORGS... .crccvese 

Block, melting-point, Modified Maquenne. 
F. W. SCHNEIDER AND E. W. BLANK. 

Blocks, heat-insulating, Laboratory uses of. 
Davip LYMAN DAVIDSON............ 

Blood — blood derivatives. Epwin J. 


Blood oiname, penicillin, food: Advances in 
drying by sublimation. Ear W. FLos- 


Boiling-point elevation. JOSEPH JOFFE.... 

Boiling-point test tube, A _ semimicro. 
ARTHUR FuRST AND JOHN W. BOHNER. 

Bombs, Atomic, and the future. EDWARD 
TEs OOM vin - o.ccswe 0800090 000966440 

Books, Reference, for elementary chemistry. 
ELBERT C. WEAVER 

Boyle’s and Charles’s laws: A classroom 
demonstration. ARTHUR W. DEVoR.. 

Bridges ~ Poca chemical highway. 


TAYL 

Browne, Gift of Charles A., collection to the 
Edgar Fahs Smith Memorial Library 
University of Pennsylvania 


Books reviewed: 

Acids, amino, and proteins, Outline of the. 
Edited by MELVILLE SAHYUN 
Adsorbents, solid, Bibliography of. V1c- 

TOR R. 

Advances in nuclear chemistry and theo- 
retical organic chemistry—Frontiers in 
chemistry, volume III. Edited by R. E. 
BuRK AND OLIVER GRUMMITT 

Alcohol, Synthetic rubber from. ANSELM 
TALALAY AND MICHAEL MAGAT 

Allied subjects, Bacteriology and. Louis 
GERSHENFELD 

Aluminum chloride, Anhydrous, in or- 
ganic chemistry. CHARLES ALLEN 
Tuomas, in collaboration with Mary 
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BALUK MosuHrer, HERBERT E. Morris, 
AND Ross W. MosHIER 
Amazing petroleum industry, The. 
KALICHEVSKY 
Amino acids and proteins, Outline 7 the. 
Edited by MELVILLE SAHYUN. 
Analysis, Commercial methods of. 
TER DEE SHELL AND FRANK M. BIFFEN 
Analysis of foods, The. ANDREW L. WIN- 
TON AND KATE BARBER WINTON 
Analysis, quantitative, Introduction to. 


Analysis, Quantitative, record book. M. 


Analytical chemistry of industrial poisons, 
hazards and solvents, The. Morris B. 
JAcoBs 

Anhydrous aluminum chloride in organic 
chemistry. CHARLES ALLEN THoMas, 
in collaboration with Mary BALUK Mos- 
HIER, HERBERT E. Morris, AND Ross 


Annual review of biochemistry. Edited by 
James Murray Luck AND JAMEs H. C. 


S) 

Atomic energy for military purposes. 
Henry DEWotrF SmyrT#.. 

Bacteriology and allied subjects. 
GERSHENFELD 

Basic mathematics for war and industry. 
Paut H. Daus, JoHN M. GLEASOoN, 
AND WILLIAM M. WHYBURN 


M. Coo 
Bibliography a solid adsorbents. 
R ecccccccce 
Biochemistry, Annual ‘Review of. Edited 
4y JAMES MuRRAY LUCK AND JAmgs H. 
ref SMITH 
Book, record, Quantitative analysis. 


VICTOR 


Calcium metallurgy and technology. 
CHARLES HarDY 

Chemical engineering thermodynamics, 
Barnett F. DopcEe 

Chemical methods, Quantitative, for engi- 
neering students. O. M. Smira AND 


Chemical process industries, The. 
NorRIS SHREVE 

Chemistry, analytical, of industrial poi- 
sons, hazards and solvents, The. 
Morris B. JAcoss ‘ 

Chsenietey and physiology of hormones, 
The. dited by Forest RAY MouLTon 

Chemistry and technology of food and 
food products, The. Volumes I and II. 
Edited by Morris B. JAacoss 

Chemistry, College. Herman T. Briscozg 

Chemistry, college, General. M. CANNON 
SNEED AND J. LEwis MAYNARD 

Chemistry, Colloid (theoretical and ap- 
plied). Collected and edited by JeRoME 
ALEXANDER 

Chemistry for electroplaters. 


Chemistry, Frontiers in, volume III— 
Advances in nuclear chemistry and 
theoretical organic chemistry. Edited 
by R. E. BurK AND OLIVER GRUMMITT 

Chemistry, General. JoHN ARREND TIMM 

Chemistry, General. Horace G. DemMInGc 

Chemistry, General college. M. CANNON 
SNEED AND J. Lewis MAyNarRD.. . 

Chemistry, general inorganic, Experi- 
ments in. J. L. MAYNARD AND T. I, 


Chemistry, Introductory “general. STUART 
R. BRINKLEY 

Chemistry of leather manufacture, The. 
Grorce D. MCLAUGHLIN AND Epwin 


Chemistry, Organic. Abridged edition. 
Louts F. Frz#SER AND MARY FIESER.. 

Chemistry, organic, Anhydrous aluminum 
chloride in. CHARLES ALLEN THOMAs, 
in collaboration with Mary BALuK Mos- 
HIER, HERBERT E. MorRIS, AND mae 
W. MOosHIER 

Chemistry, organic, Textbook of. 


Chemistry, Postwar high-school. Vrr- 
GINIA W. FISHER Ss 
Chemistry, theoretical organic, Advances 
in nuclear chemistry and—Frontiers in 
chemistry, volume III. Edited by R. E. 
BurK AND OLIVER GRUMMITT 

Chloride, Anhydrous aluminum, in or- 
ganic chemis CHARLES ALLEN 
THOMAS, in co collaboration with Mary 
BaLvuk MosgHIER, gaa E. Morris, 
AND Ross W. MosHIgB 

Classical and modern no AY Ww. G. 


College chemistry. HERMAN T. Briscor 

College chemistry, General. M. CANNON 
SNEED AND J. Lzewts MAYNARD 

Colleges, Better—better teachers. Rus- 
SELL M. CooPER Gnas cWee'es 
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Colloid chemistry (theoretical and ap- 
plied). Collected and edited by JEROME 
ALEXANDER 

Commercial methods of analysis. a 
DEE SNELL AND FRANK M. BIFFEN. 

Compounds, organic, Dictionary of. ie 2 
M. HEILBRoN, ET AL., Editor. Volume 
: Supplements to Volumes Il and III. 

Coe of wheat and wheat products 

e. 

Contemporary theory, A simplified pre- 
sentation of. Solutions of electrolytes. 
W. F. L 

Crystals, Theory of X-ray diffraction in. 
WILLIAM H. ZACHARIASEN 


Design, Process equipment. HERMAN C, 
HESSE AND JOHN HENRY RUSHTON. 

Dictionary, German-English, of metal- 
lurgy. T. E.R. SINGER 

Dictionary of organic compounds. Vol- 
umelI. Supplements to Volumes II and 
III. I. M. Hersorn, et Av., Editor. . 

Diffraction, X-ray, in crystals, Theory of. 
WiLtraM H. ZACHARIASEN 

Discovery. of the elements. Fifth edition. 
Mary Etvrra WEEKS (with illustra- 
tions collected by F. B. Datns) 

Ebulliometric measurements, W. Swik- 
TOSLAWSKI 

Editorials (Editor’s Outlook). 


7, 209, 261, 313, 365, 417, 469, 33, 573 


Electricity, Fundamentals of. CHARLES 
E. DULL AND MICHAEL N. IDELSON... 
Electron microscope, The story of the. 
ne theinvisible. Gessner G. Haw- 


Younc 

Elements, Discovery of the. Fifth edition. 
Mary ELvira WEEKS (with illustra- 
tions collected by F. B. Dans) 

Energy, Atomic, for military purposes. 
Henry DEWo LF SmyTH 

Engineering, Chemical, thermodynamics. 
BaRNETT F. DopGE 

Engineering students, Quantitative chem- 
ical methods for. O. M. SMITH AND L. 


Engineering thermodynamics, Chemical. 
BARNETT F. DopGEe 

English-German dictionary of metallurgy. 
T. E. R. SINGER. 

Equipment design, Process. Herman C. 
HESSE AND JOHN HENRY RUSHTON.... 

Experiments in general inorganic chem- 
istry. J. L. MAYNARD AND T. I. TAYLOR 

Explosives, The science of. 


Food and food products, The chemistry 
and technology of. Volumes I and II. 
Edited by Morris B. Jacoss 

Food products and food, The chemistry 
and technology of. Volumes I and II. 
Edited by Morris B. JAcoss 

Foods, The analysis of. ANDREW a 
WINTON AND KATE BARBER WINTON. 

Formaldehyde. J. FREDERIC WALKER... 

Frontiers in chemistry, volume III—Ad- 
vances in nuclear chemistry and theo- 
retical organic chemistry. Edited by R. 
E. Burk AND OLIVER GRUMMITT..... 

Fundamentals of electricity. CHARLES E. 
DvuLi AND MIcHAEL N. IDELSON 

Fundamentals of machines. CHARLES E, 
Dutt anp IrA G. NEWLIN 

Fundamentals of physics. Henry SeMat 

Future of industrial research, The. FRANK 
A. Howarp, Grorce W. LEwIs, BT AL. 

General chemistry. Horace G. DemMInG 

General chemistry. JoHN ARREND TIMM 

General chemistry, Introductory. STUART 

General college chemistry. M. CANNON 
SNEED AND J. LEWIS MAYNARD 

General inorganic chemistry, Experiments 
in. J. L. MAYNARD AND T. I. TAYLor. 

German-English dictionary of metallurgy. 


Handbook on photography with the 
microscope, A: Photomicrography. 
Fourteenth edition 

Hazards, solvents, and poisons, indus- 
trial, The analytical chemistry of. 
Morris B. Jacoss 

Hormones, The chemistry and physiology 
of. Edited by Forest Ray MovLton.. 

Industrial poisons, hazards and solvents, 
The analytical chemistry of. Morris 


Industrial research, The future of. FRANK 
A. Howarp, GeorGE W. LEwISs, ET AL.. 
Industries, The chemical process. R. 


Industry and war, Basic mathematics for. 
Paut H. Daus, Jonn M. GLEASON, 
AND WILLIAM M. WHYBURN 
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Industry, The amazing petroleum. V. A. 
KALICHEVSKY 

Infrared and raman spectra of polyatomic 
molecules. GERHARD HERZBERG 

Inorganic chemistry, general, Experi- 
ments in. J. L. MAYNARD AND T. I. 


Introduction to quantitative analysis. 
Sau B. ARENSON 

Introductory general chemistry. STUART 
R. BRINKLEY 

Invisible, Seeing the. 
electron microscope. 


The story of the 
GESSNER G. 


Leather manufacture, The chemistry of. 
Grorce D. MCLAUGHLIN AND EDWIN 


Machines, Fundamentals of. CHARLES E. 
DULL AND IRA G. NEWLIN 

Magnesium: Its production and use. 
ERNEST V. PANNELL 

Mathematics, Basic, for war and industry. 
Paut H. Daus, JoHN M. GLEASON, 
AND WILLIAM M, WHYBURN 

Measurements, Ebulliometric. 
TOSLAWSKI 

Metallurgy, Calcium, and technology. 
CHaRLES HARDY 

ae i oly German-English dictionary 
of. T. E. R. SINGER 

Manin powder, Principles of. FRANz 
Sxaupy. Translated by MARION LEE 


W. SwIiE- 


Methods, Commercial, of analysis. Fos- 
TER DEE SNELL AND FRANK M. BIFFEN 

Methods, Quantitative chemical, for engi- 
neering students. O. M. SMITH AND L. 
F. SHEERAR 

Microscope, A handbook on photography 
with the: Photomicrography. Four- 
teenth edition 

Microscope, electron, The story of the. 
Seeing the invisible. Gessner G. Haw- 


Military purposes, Atomic energy for. 
Henry DeWoLtr SmytTH 
Modern and classical valency. 


Molecules, of polyatomic, Infrared and 
raman spectra. GERHARD HERZBERG.. 
New plastics, The. HERBERT R. Stmonps, 
M. H. BicELow, AND JosEPH V. HER- 


Nuclear chemistry and theoretical organic 
chemistry, Advances in—Frontiers in 
Chemistry, volumeIII. Edited by R. E. 
BurK AND OLIVER GRUMMITT 

Organic chemistry. Abridged edition. 
Louis F. FigSER AND MAry FIESER. 

Organic chemistry, Anhydrous aluminum 
chloride in. CHARLES ALLEN THOMAS, 
in collaboration with MARY BALUK Mos- 
HIER, HERBERT E. MORRIS, AND Ross 
W. MosHIER 

Organic chemistry, Textbook of. 
WERTHEIM 

Organic chemistry, theoretical, Advances 
in nuclear chemistry and—Frontiers in 
chemistry, volume III. Edited by R. E. 
BURK AND OLIVER GRUMMITT 

Organic compounds, Dictionary of. I. M. 
HEILBRON, ET AL., Editor. Volume I. 
Supplements to Volumes II and III.. 

Organic syntheses. Volumes 22 and 23. 
Lee Irvin Smith, Editor-in-Chief 

Organic syntheses. ‘Volume 24. NATHAN 
L. Drake, Editor-in-Chief 

Organica, quimica, Tratado de. 
RIQUE V. ZAPPI 

Our times, Teachers for 

Outline of the amino acids and proteins. 
Edited by MELVILLE SAHYUN 

Penicillin, The story of. Boris SOKOLOFF 

Petroleum industry, The amazing. V. A. 


Photography with the microscope, 
handbook on: Photomicrography. 
Fourteenth edition 

Photomicrography: A handbook on pho- 
tography with the microscope. Four- 
teenth edition 

Physics, Fundamentalsof. HENrySEMAT. 

Physiology of hormones, The chemistry 
and. Edited by Forrest Ray MOULTON 

Plastics scientific and technological. H. 
RONALD FLECK 

Plastics, The new. HERBERT R. SIMONDS, 
M. H. BIGELow, AND JosEPH V. HErR- 


Poisons, hazards and solvents, industrial, 
The analytical chemistry of. Morris 
B. JACOBS 

Polyatomic molecules, Infrared and ra- 
man spectra of. GERHARD HERZBERG. 

Powder metallurgy, Principles of. FRANz 
a ig Translated by Marion LEE 

'AYLO: 
Principles of powder metallurgy. FRANz 


Sxaupy. Translated by MARION LEE 

Process equipment design. HrrMAN C. 
HESSE AND JOHN HENRY RUSHTON.... 

Process industries, The chemical. 
NorrIs SHREVE 

Products, food, The chemistry and tech- 
nology of food and. Volumes I and II. 
Edited by Morris B. Jacoss 

Products, wheat, The constituents of 
wheat and. C. 

Proteins, amino acids and, Outline of the. 
Edited by MELVILLE SAHYUN 

Purposes, military, Atomic energy for. 
Henry DEWoLrF SMYTH 

Quantitative analysis, Introduction to. 
Ce ee ere 

Quantitative analysis record book. M.G. 


Quantitative chemical methods for engi- 
neering students. O. M. SMITH AND 
L. F. SHEERAR 

Quimica orgdnica, Tratado de. 

V. Z. 

Raman spectra, Infrared and, of poly- 
atomic molecules. GERHARD HERZBERG 

Record book, Quantitative analysis. M. 
G. 

Research, industrial, The future 
FRANK A. HowArpD, GEORGE W. LEwIs, 
ET AL 

Review, Annual, of biochemistry. Edited 
by a MuRRAY Luck AND JAMEs H. 


Rubber, r, Synthetic, from alcohol. ANSELM 
TALALAY AND MICHAEL MAGAT 

—. of explosives, The. MAartTIN 

Scientific and technological Plastics. H. 
RONALD FLECK 

Scientific societies in the United States. 
Ratps S. B 

Seeing the invisible.’ 
electron microscope. 


The story of the 
GESSNER G. 


Societies, prgatite, in the United States. 
Ratpu S. 

Solid pa Pan Diitieastoter of. Victor 
R. D 

Solvents. THos. H. Durrans. (Volume 
Four of a series of monographs on ap- 
plied chemistry under the editorship of 
E. Howarp Tripp.) Fifth edition. 

Solvents, poisons and hazards, industrial, 
The analytical chemistry of. Morris 


Story of penicillin, The. Borts SoKoLorr 
Story of the electron microscope, The. 
see the invisible. Gessner G. Haw- 


Students, engineering, Quantitative chem- 
ical methods for. O. M. Smita Anp L. 
F. SHEERAR 

Subjects, allied, Bacteriology and. Louis 
GERSHENFELD 

Syntheses, Organic. Volumes 22 and 23. 
Lee Irvin Smitn, Editor-in-Chief 

Syntheses, Organic, Volume 24. NaTHan 
L. Drake, Editor-in-Chief 

Synthetic rubber from alcohol. ANSELM 
TALALAY AND MICHAEL MAGAT 

Teachers, better—Better colleges. 
RussELL CooPER 

Teachers for our times. A statement of 
purposes by the Commission on Teacher 


Technological, Plastics scientific and. H. 
RONALD FLECK 
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Soil, The growing of tomatoes and cucum- 
bers without. W. G. Kessev 
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Some observations on the teaching of chem- 
istry. CHARLES H. STONE 

Some outstanding teachers of chemistry in 
negro colleges and universities. Wm- 
LIAM J. L. WALLACE 


of adsorption. 


Some principles of radar, 
Some problems of the department of chemis- 
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Joun G. MILLER AND WALTER 


Structure, atomic, The periodic system and. 
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beverage protection. A. ApAms LuND. 
System, periodic, Wave pattern synopsis of 
the—Scee Frontispieces. 
System, The periodic, and atomic structure. 
WILLIAM J. WISWESSER. 
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WROD sc aceces 


To © of thermodynamics, Symposium ‘ 


t cocene 
Teaching of thermodynamics to chemical 
engineering students. BARNETT F. 


Teaching organic chemistry, A simplified 
electronic interpretation of oxidation- 
reduction for use in. DonaLp C. Greco 

Teaching problems, Postwar, in the sciences. 
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Tests, organic chemistry, Cooperative. . 
Tests, ee. tests for the labora- 
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tion of for direct precision weighing. 
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Lumsden. Otto F. STEINBACH 
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tine industrial analysis. RONALD 
SPACHT 
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Without soil, The Fog © =. sips and 

cucum mbers. 

= Ostwald ases” yaa) Ravpu E. 

—See Frontispieces. 

Women chemists, Trends in the industrial 
employment of. Lors W. WoopForp.. 

Women in science. DortHa BarLteEy Doo- 


Wood-chemical industries in the northeast, 
he possibilities of the. RoBERT 


Workers, aircraft, An antidermatitis pro- 
gram for. A. J. SAFSTROM 

World, molecular, A view of the. 
KrrkKwoop 


537 


370 


418 
199 


565 
406 
406 

22 


134 


574 
607 





NOTICE TO AUTHORS 


1. Forwarding Address. Papers intended for publication in 
the JoURNAL oF CHEMICAL EpucaTION should be submitted to 
Norris 'W. RAKeEstrAw, Editor, Metcalf. Chemical Laboratory, 
Brown University, Providence 12, Rhode Island. 


2. Manuscript. The manuscript submitted should not have 
been published elsewhere. The work of the editorial office is 
facilitated and better service is assured the author when dupli- 
cate copies (the original and a carbon) are submitted. Typing 
of both text and references should be double-spaced, with 2—3-cm. 
“margins. The title of the article should be followed by the name 
and business or institutional address of the author. If the paper 
has been presented at a meeting, a footnote giving name of 
the society, date, and occasion should immediately foliow the 
author’s name. The usual editorial customs, as exemplified in 
the most recent issues of the JOURNAL, should be followed as 
closely as possible. 

Galley proof of each article will be submitted to the author. 
This proof should be carefully corrected and returned promptly 
to the Editor’s Office. Page proof will not be submitted. 


3. References and Footnotes. In historical and biographical 
articles and in papers containing only two or three literature 
references it is desirable that the references be handled as foot- 
notes. Such references should be designated by superior num- 
bers and the reference itself should be placed in the body of the 
text immediately following the citation and set off by rules. 

In articles of the scientific review type each reference to the 
literature should be designated by a number, in italics (indicated 
in a typescript by a single underline) and enclosed in parentheses, 
corresponding in size with the body of the text and set in the line 
of reading matter. All the references are to be assembled, ar- 
ranged numerically, and placed at the end of the article under the 
heading, Literature Cited. The numbers in parentheses are to 
be placed flush with the margin and if the reference exceeds one 
line, the succeeding line or lines should be indented. The lists of 
references should be typed, double-spaced. 

When specific citations of previous literature are not made 
but when it seems desirable to append a general bibliography, 
it is preferable that arrangement be made alphabetically on the 
basis of authors’ or senior authors’ names. 

A reference to a periodical should include, in the order named: 
(1) author’s name, (2) title of article with first word only, or in 
the case of a German title first word and nouns, capitalized 
(enclosed in quotation marks), (3) name of periodical (use the 
standard abbreviations designated in the ‘‘List of Periodicals Ab- 
stracted by Chemical Abstracts’), (4) volume number, (5) pages 
(give exact page number at which the point cited is to be found 
or, if the entire article is the reference, give the page numbers 
inclusive), (6) date of publication. 


Example: 

(1) Kraus, C. A., AND C. L. Brown, ‘‘Studies relating to organic 
germanium derivatives. III. Diphenyl germanium di- 
halides and diphenyl germanium imine,” J. Am. Chem. Soc., 
52, 3690-6 (1930). 

A reference to a book should include, in the order named: (1) 
author’s name, (2) title of book (enclosed in quotation marks), 
(8) edition, if more than one, (4) name of publisher, (5) ad- 
dress of publisher, (6) date of publication, (7) volume number, 
(8) pages (give exact page number at which the point cited is to 
be found or, if entire book is reference, give the total number of 
pages in it). 


Example: 

(1) Conen, J. B., “Organic Chemistry for Advanced Students,” 
5th ed., Longmans, Green and Co., New York City, 1928, 
Part I, 427 pp. 


References to explanatory notes such as (1) occasion on which 
paper was delivered, (2) acknowledgments, (3) definitions of 
obscure or unfamiliar terms, (4) changes in address, etc., are to 
be designated in the text by superior numbers in sequence with 
other footnotes in article. Such a footnote should be inserted 
as a separate line (or lines) immediately following the word to 
which it refers in the text and should be separated from the text by 
ruled lines. 


4. Illustrations. Not all articles lend themselves to illustra- 
tion, but articles which do should be accompanied by as many 
pertinent illustrations as possible. The best possible selection 
of illustrations available will be made by the editorial staff. 
As a rule, apparatus, particularly if complicated, is best presented 
by means of line or working drawings. Photographs are some- 
times sufficient, however. When both can be obtained, it is 
generally desirable to include both with the manuscript. Unless 
lettering can be done by one of the mechanical devices it should 
be in pencil only. 

Photographs should have a gloss finish and should be at least 
post-card size—larger, if possible. Only prints which are un- 
blurred and which show sharp contrast between light and dark 
areas can be satisfactorily reproduced. Authors should exercise 
scrupulous care in crediting photographs which require credit. 


Line drawings should be carefully prepared in black India ink 
on plain white drawing paper, blue tracing cloth, or blue-lined 
coordinate paper twice or three times the size desired in the 
printed cut; it is convenient, when permitted by the scale re- 
quired, to have them the size of the manuscript. 


For graphs coordinate paper should be printed in blue only, 
with the important coordinate lines ruled over in black; the black- 
ruled square should in general not be less then ten millimeters 
on a side; the lines of the curves should he the heaviest, except 
the frame; points on the curves should be indicated by true 
circles, not crosses. All lines, legends, numbers, and letters 
which cannot be set in type at the margin of the cut but must 
constitute a portion of the cut itself are to be so proportioned 
that they will be clearly legible in the cut. The numbering of the 
coordinate axes, the number of the figure, and any necessary 
explanations of the figure should be printed in pencil in the 
margin of the sheet, as they are usually set up in type rather than 
reproduced from the drawing. Typewritten designations are not 
black enough to reproduce satisfactorily. Where lettering can- 
not be done adequately, designations left in pencil can be taken 
care of in the editorial office. 

Tables should be inserted in the body of the manuscript at the 
proper place. 

All photographs, line drawings, and tables should be provided 
with self-explanatory titles or legends. Each illustration should 
be marked in pencil on the margin with the name of the author 
and the title of the article to which it refers. 

Authors are invited to examine the series of articles by E. M. 
Hoshall entitled ‘(Chemical drawing’ [“I. Fundamentals of 
chemical drawing,” J. CHEM. Epuc., 11, 21-3, Jan., 1934; “II. 
Conventional representation of materials and equipment,” 7bid., 
11, 23-7 (Jan., 1934); “III. Arrangement of drawings,” zbid., 11, 
154-8 (March, 1934); “IV. Charts, graphs, and diagrams,” 
tbid., 11, 235-41 (Apr., 19384); ‘“‘V. Photographs,” 4bzd., 11, 
546-50 (Oct., 1934) ]. 


5. Reprints. A reprint price list is printed on the reverse side 
of the order slip which accompanies galley proofs. Special rates 
for reprints in 6” X 9” page-size may be had upon application to 
the Business Manager, Mack Printing Co., 20th and Northamp- 
ton Sts., Easton, Pa. 

In general, reprints are received by an author about thirty days 
after the publication of the Journal containing his article. 
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